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INTRODUCTION. 

Within comparatively recent years the subject of wood preserva- 
tion has become of paramoimt importance, largely resulting from the 
economic conditions which necessitate the utilization of timber inferior 
in its resistance to. decay to species formerly readily obtained. iThe 
rise of wood preservation in the United States within the last two 
decades has been very rapid. The principal preservatives used have 
consisted of coal-tar creosote and zinc chlorid, either alone or in 
combination. Such experimental work as has been done prior to the 
last two or three years has been directed in large part toward perfecting 
the mechanical processes of injecting the preservatives into wood, 
with an idea of securing the greatest relative efficiency as compared 
with the cost involved — piutely an engineering proposition based on 

» The writers wish to thank Mr. Howard F. Weiss, Director of the Forest-Products Laboratory, Madison, 
Wis., for the Interest displayed and suggestions offered during the- progress of this work, as well as for the 
laboratory facilities placed at their disposal. Thanks are also due to Mr. Ernest Bateman, Chemist in 
Forest Products at the Forest-Products Laboratory, for all the data on chemical analyses of the different 
preservatives, and to Drs. R. H. True, F. D. Heald, £. P. Melnecke, CaroUne Rumbold, and Mr. W. H. 
Long, of the Bureau of Plant Industry, for many helpful criticisms of the manuscript. The investiga- 
tions were conducted at the Forest-Products Laboratory, Madison, Wis., maintained by the Forest Service 
of the United States Department of Agriculture in cooperation with the University of Wisconsin. 

Note.— This bulletin gives the results of a series of investigations conducted at the Forest-Products 
Laboratory, Madison, Wis., as to the preservative value of various oils and salts and their toxic effect on 
wood-destroying fungi. i 

88340'— Bull. 227—15 1 
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• 

economic considerations as far as the preservatives used are con- 
cerned. These preservatives have in a general •way proved to be 
fau*ly good, but recently fiu'ther eflForts have been n:Lade to supple- 
ment them, or perhaps to substitute for them under certain condi- 
tions other substances which may be more applicable to certain 
requirements. 

In addition to the toxicity of a preservative toward wood-destroy- 
ing organisms, its value to the trade will depend largely upon its 
varied physical and chemical properties, as well as upon certain 
economic considerations involved. The present pubhcation, how- 
ever, deals only with the toxic properties. Considerable Uterature 
on the toxic eflFect upon plant and animal life of various chemical 
substances, both inorganic and organic, has accumulated, but rela- 
tivdy Uttle work has been done with wood-destroying fungi, and any 
attempt to draw analogies would be misleading. 

Even among fungi the toxic concentration of a given preservative 
will vary, depending upon the organism, the concentration of the 
preservative, and the growth conditions, such as the composition of 
media and the temperature. In order to call attention to the funda- 
mental character of certain of these variations and to illustrate the 
points involved, a brief siu^ey of some of the work of other investi- 
gators is here presented before the results of our own work are dis- 
cussed. No attempt has been made to review all the hterature on 
this extensive topic, and only a few references which serve to illus- 
trate the pomts the writers desire to emphasize are mduded. 

mSTORICAL. 

STIMULATION BY TOXIC SUBSTANCES. 

Many investigators have established the fact that certain sub- 
stances that are poisonous in higher concentration exert only a stimu- 
lating eflFect in extreme dilution. For many years the fluorin com- 
pounds have been known to have this stimulating eflFect upon fer- 
mentation. Ono (22y and Raulin (24) have found similar favorable 
influences exejrted by lithium nitrate and sodium fluorid upon algsB 
and by mercuric chlorid and copper sulphate upon fungi. Fred (9), 
in his studies on nitrogen fixation, denitrification, ammonification, 
and putrefactive processes in soils, due to certain bacteria and yeasts, 
concludes that the yield is in proportion to the toxic stimuli. Like- 
wise, Clark (3, p. 400), in his work on the toxic eflFect of many acids 
and salts upon fungi, foimd that many deleterious agents which at 
certain concentrations retard germination or early growth after- 
wards cause a great acceleration of mycelial development. 

> Figaros in parentheses refer to the bibliography at the end of this bulletin. 
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TARUTION IN TOXICITY OF CHEMICAL SUBSTANCES TO DIFFEBENT FOBM8 OF PLANT 

LIFE. 

A review of the literature on the action of various toxic agents 
shows that the different forms of plant and animal life often behave 
very differently toward the same chemical substance. However, on 
account of the complexity of the digestive and absorptive processes 
in the higher animals, particularly man, a direct comparison of these 
forms with plant life is of little value, although the economic consid- 
eration of safety in the handling of substances in commercial use is 
of great importance. 

A few geiieral statements to indicate in a concrete form the differ- 
ences in behavior between the larger plant groups, as well as indi- 
vidual species, will illustrate the point which it is desired to make. 

It is unfortunate that the work of different authors can not, in 
many instances, be directly compared, on account of differences 
in the method employed. However, much of value can be deduced 
from the few available examples. 

In his valuable work, Clark (3) calls clearly to the attention the 
variations among different species of molds. Certain toxic agents 
are shown to present great differences in this respect and others only 
sUght ones. Even the stage of development of a single organism is 
of great importance, the conidia of the five species used proving more 
sensitive than the myceliunv, so that the inhibition point for spore 
germination can not safely be considered as the toxic point for the 
development of mycelium. 

Other species of fungi, however, may behave differently from the 
ones Clark worked with, for Rumbold (25, p. 431) has recently shown 
that the ascospores and conidia of the blue-stain fungus (Ceratosto- 
meUa sp.) are more resistant than the mycelium to sodium hydroxid 
and sodium carbonate. 

Another interesting phase of the question has been studied by 
Pulst (23). This investigator shows that the common green mold 
(PenicUlium glaucum) has the power of gradually increasing its 
resistance to toxic agents. He claims that the individual itself 
without change of generation, but after a somewhat longer period of 
time, works up its resistance to copper sulphate to a high degree. 
He also shows by experiment that spores sown from generation to 
generation on progressively mcreasmg concentrations of this salt 
likewise attain greatly increased resistance. Similarly, this newly 
developed resistance is evidenced by an increased rate of growth. 
For instance, when spores produced on a 3.2 per cent solution of 
copper sulphate are transferred to new media of hke concentration, 
the mold will fruit again in about 10 days, while spores obtained from 
a culture containing no toxic substance and transferred in exactly 
the same manner require more than three months to reach the same 
stage of developm^it. 
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Seed plants, — ^A great amount of work has been done to ascertain 
the eflFect of various toxic substances on the roots of higher plants. 
A discussion of this work, however, is not essential to the present 
paper beyond showing that a considerable difference exists between 
the behavior of this group of plants as compared with the lower 
forms. 

In the comparison by Harvey (11) of his own work on an alga 
{(Mamydornonas mvMJUis) with that of True and Hunkel (30) on a 
flowering plant (Lupinus dUms), both investigators using the ortho, 
meta, and para compounds of dihydric phenol, cresol, and phthahc 
acid, the alga was foxmd to withstand a concentration three to eight 
times as high as the flowering plant. 

Another striking illustration of this varied response to the same 
toxic solution is recorded by Heald (12, p. 130), who foimd a fimgus 
vigorously growing on pea roots which had been killed by hydro- 
chloric acid. The average death point for five species of molds 

studied by Clark (3, p. 306) wasYqHCl (1.1 per cent), while the 

three species of flowering plants investigated by Heald (12, p. 132) 

succumbed at ^^7:7: HCl or less. 

1600 

When copper sulphate was used, Kahlenberg and True (14) found 
that 0.00062 per cent was sufl&cient to kill the roots of Lupinus alius. 

After many experiments, dark (3, p. 396) concludes that in the 
case of mineral acids a concentration of 2 to 400 times the strength 
fatal to the higher plants is required to inhibit the germination of 
mold spores under favorable conditions. 

Bacteria. — ^Although no direct comparison of bactericidal and 
fimgicidal action is available, the experiments being usually per- 
formed under somewhat different cultural conditions, the work of 
McClintic (17) on zinc chlorid indicates a high resistance of certain 
bacterial organisms. This investigator foimd that a 5 per cent 
solution of zinc chlorid applied for one hour was not sufficient to kill 
BadUus communis, while a 25 per cent solution required 10 minutes 
to cause death. At this latter concentration 30 minutes was re- 
quired to kiU another bacterial oi^anism {Staphylococcus pyogenes 
aureus). 

Spores of bacteria are well known to be very resistant to various 
agents. In the case of BaciUus suhtiliSf they are reported to have 
survived a 50 per cent solution of zinc chlorid for 40 days. 

These figures are of interest when one recalls that a 3 to 6 per cent 
solution of this salt is the usual concentration employed in the 
preservation of wood. 

Yeasts. — ^Yeasts seem to behave toward many salts and acids 
very differently from seed plants and fungi. Bokomy (1) has re- 
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oently reported the effect of about 50 different salts and acids upon 
yeasts, as compared with other organisms, and has foimd them gen- 
erally to be more r^istant than alg» or flowering plants. Silver 
nitrate, which is very deadly to many molds, bacteria, and alg» (the 
bacterium Staphylococcus pyogenes requiring only 0.0002 per cent to 
check growth; the algse, Spirogyra and Cladophora, only 0.0001 per 
cent), will not kiU yeast imtil the concentration reaches 0.001 per 
cent. Similarly, mercuric chlorid is toxic to Spirogyra in a 0.000001 
per cent solution, but a 0.01 per cent solution is required to kill beer 
yeast. 

Molds, — ^The common molds, such as Penicillium, Aspergillus, 
Sterigmatocystis, and others, taken as a whole, are highly resistant 
to toxic agents as compared with the true wood-destroying fungi. 

Whereas much experimental work has been done on the former, 
comparatively little has been carried out on the latter group. 

The so-called PenidUium glaucum Link., which in the light of 
recent work has been shown to ct)nsist of a group of several distinct 
species of Penicillium, to which the composite name was indiscrimi- 
nately applied, is one of the most resistant molds recorded. Pulst 
(23), Clark (3), and Gufiguen (10) all agree that from 16 to 21 per 
cent of copper sulphate is required to stop its growth, and Pulst 
claims that it will even germinate and fruit in a 33 per cent solution 
of this salt or a 38 per cent solution of zinc sidphate if allowed to 
develop a sufl&ciently long time, i. e., from three to five months. 

dark (3) has tested the effect of some 28 salts and acids upon four 
or five of the comion molds, the tests being made m hangmg drop 
cultures of beet infusion. His table of toxicities indicates that such 
salts as mercuric chlorid, potassium bichromate, silver nitrate, and 
potassium chromate are approximately 400 times as effective against 
these organisms as copper sulphate, sulphuric acid, hydrochloric 
acid, and zinc sulphate, the comparison being based on molecular 
solutions. 

EFFECT OF CX>MPOSrnON OF MEDIUM ON TOXICmr. 

The toxicity of a substance may vary for the same organism when 
culture media of different compositions are employed. This is due, 
in large part, to the chemical or physical aflBnity of some substances 
for certain constituents of the media, or possibly to some change in the 
permeabiUty of the plant protoplasm. The well-known reaction 
of some copper salts with sugars and of mercuric chlorid with albumi- 
nous compounds, or the effect of adsorption wiU serve to illustrate 
the point. 

The most careful work on toxicity has been conducted, using pure 
distilled water as a medium. However, the use of this method with 
fimgi is practically limited to the germination of spores; nutrient 
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substances must be added if further growth is desired, and the addi- 
tion of each nutrient substance introduces a new factor of error. 

Unhke bacteria, which can be grown well in synthetic liquid media 
of known composition, wood-destroying fungi prefer a more complex 
and solid medium for their satisfactory development. This latter, 
as a rule, consists of a mixture of meat broth and sugars solidified 
by agar-agar or gelatin. 

Various investigators have used diflFerent types of media and dif- 
ferent methods, and this accounts in large part for the variabiUty in 
results. Some, as Clark (3), have used simple plant decoctions, 
others bouillon, and still others a nutrient agar or gelatin modified in 
various ways as to available carbon and nitrogen. 

Le Renard (16), in his work on PenidUium crustaceuniy shows that 
toxicity is closely associated with the composition of the medium 
and in the same medium varies somewhat with its concentration. 

Likewise the presence or absence of certain constituents may 
determine the temperature which an organism will endure on dif- 
ferent media, for Thiele (27) has shown that the maximum tempera- 
ture for the growth of PenidUium glaucum on grape sugar is 31*^ C; 
on salts of formic acid, 35° C; and on glycerin, 36° C. 

Hoffmann (13) states that in the case of Merulius lachrymans a slight 
growth takes place even at 30° C. on certain liquid media, while on 
solid media (5 per cent agar-agar) the fungus was killed at that tem- 
perature. He likewise thinks that as a fungus becomes accustomed 
to a certain culture medium in its development it gradually over- 
comes certain imfavorable conditions. 

So far as the writers are aware at the present time, the media most 
satisfactory for the growth of wood-destroying fungi are not free 
from the objection of being complex, variable, and more or less 
unknown in their chemical composition; however, certain synthetic 
media are being developed in the course of the work which show 
promise of being satisfactory. In an effort, however, to secure results 
comparable as far as possible with those of certain European investi- 
gators, such as Malenkovic and various workers at Munich, and also 
Rumbold in this country, the malt-extract agar medium used by 
these workers has been adopted. This medium will be described later. 

EFFECT OF ADSORPTION ON TOXICTTY. 

The apparent diluting effect which inert, practically insoluble 
matter exerts on toxic substances has been often observed. For 
instance, the injurious effect of poisons is not so noticeable when 
seedling roots are placed in sand and watered with toxic solutions 
of definite concentration as when grown directly in such solutions. 
This phenomenon of the removal from solution of a part of the toxic 
substance by nearly insoluble material, such as glass, quartz, pottery, 
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hemp and cotton fibers, and starch grams, comes imder the general 
term "adsorption/' It is often explained as a direct physical 
aflBnity of the toxic chemical for the inert substance; that is, a con- 
densation of the substance on the surface or in the interstices of the 
insoluble matter, or the formation of a solid solution of the two, but 
chemists and physicists are not at all in agreement in regard to these 
explanations. 

Among others. True and Gies (29) and True and Oglevee (31) 
worked upon this problem, using seedlings of Lupinus alhus and a 
number of inorganic and organic compoimds. As adsorbing agents 
such substances as sand, glass, filter paper, and paraflBn were applied. 
With copper sulphate they found that at least twice the usual toxic 
concentration could be endured by the Lupinus roots when a suf- 
.ficient quantity of the insoluble matter was added to the hypertoxic 
solution. In summarizing their work they remark: 

It appears iu general that the presence of a considerable body of certain insoluble 
substances in solutions of strongly toxic compounds both organic and inorganic in 
their nature, be they electrolytes or not, tends to decrease the toxic activity of the 
solutions in question. On the whole this ameliorating action is more clearly marked 
in case the poisonous solutions concerned are dilute solutions of strong poisons than 
when relatively concentrated solutions of weaker poisons are concerned. 

Fitch (8) conducted a series of experiments with sulphuric acid 
and copper sulphate, using pottery, glass, sand, and filter paper as 
the adsorbing agents and two common molds (Aspergillus niger and 
PenicUlium glaucum) as the test organisms. She established for fimgi 
the same phenomena of dilution that a number of other workers had 
found to hold for flowering plants. 

The diversity of results secured when toxic substances are tested 
on various media, particularly such as contain starch grains and 
similar materials in suspension, no doubt is explained, in part at least, 
on the basis of adsorption. 

RELATION OF TEMPERATURE TO FUNGOUS GROWTH AND TOXICTTY. 

It is well known that temperature exerts a vital influence on the 
growth and development of fimgi. Not alone is the temperature 
range which permits the growth of the organisms highly variable, 
but also the optimum temperature in many cases varies for the differ- 
ent species. Thus, for nine species of wood-destroying fungi studied, 
Falck (5, 6) indicated a growth range lying between 3° and 44° C, 
with the corresponding optima between 18° and 35° C. For MenL- 
lius domesticus ( = if. lachrymans in part) this optimum falls between 
18° and 22° C.^; for Coniophora cerebeUa, 22° to 26° C; for Polyporus 
vaporarius spumarius, 26° C; for Lemites abietinay 29.5° C; for 

iHoflmann (13) states that under certain conditions of culture this optimum may be raisld so as to 
faU between 18* and 26<* C. 
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LenzUes sepiaria, 28° to 32° C; and iov Lenzvtes thermophUa, 35° C. 
Below these temperatures growth becomes greatly lessened as the 
miniTmim is approached, while a rise of 4 to 8 degrees above the opti- 
mum often causes a total inhibition of growth or even death in the 
case of very sensitive species. 

Different stages of the same fungus may also offer a different re- 
sistance to temperature changes, this being much less under moist than 
imder dry conditions. For instance, Falck (7, p. 339) found that 
fresh fruit bodies of Merulius domesticus were killed in 30 minutes at 
40° to 42° C, and in 15 minutes at 46° C, while from 12 to 16 hours 
were required to kill dry spores at 42°. 

As compared with this fungus, the same author shows that agar 
cultures of Lemites sepiaria can survive more than three hours at 
60° C. 

The resistance of a fimgus to toxic substances is greatest under 
temperature conditions most favorable to its development. After 
conducting a series of tests on several molds to determine the germi- 
native capacity of the spores in varying concentrations of nitric and 
sulphuric acids and copper sulphate at different temperatures, either 
directly in the solutions or after removal to nutrient media following 
immersion for 24 hotu«. Brooks (2) states that *'in most cases the 
deleterious action increased very rapidly with rise in temperature,'' 
but that *'in all instances the injurious effects were least at the opti- 
mum for the fungus.'' 

RELATION OF UGHT TO FUNGOU9 GROWTH. 

Light also exerts an appreciable effect on the development of wood- 
destroying fungi. This is evidenced in two ways: (1) By its influence 
on the growth of the myceUum, and (2) by the r61e it plays in the 
production of normal fruiting bodies. In most instances at least, 
partial illumination is essential to normal fruiting. The effect on the 
rate of growth of the myceUum, however, is less marked, but still quite 
appreciable. Of seven species of wood-destroying fungi studied, Hoff- 
mann (13) reports that growth in the dark was from 4.1 to 17.8 per 
cent (average 9.9 per cent) better than in sunlight. In carrying his 
experiments still further and examining the effect of the red and blue 
ends of the spectrum, respectively, he found that the former gave 2.6 
per cent better growth in the case of PaxiUus acheruntius and 59.3 
per cent in the case of Polyporus vaporarius (average for nine fimgi 
14.6 per cent), 

WHAT DETERMINES TOXICITT7 

An adequate discussion of the subject of what determines toxicity 
would lead us into one of the most difficult fields of biological chem- 
istry and physiology, hence, for the purposes of this publication, the 
writers omit reference to a great mass of literature covering the 
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more involved aspects of the question and merely bring forward a 
few of the points which serve to illustrate certain phases. 

In the previous discussion it has been seen that the degree of 
toxicity manifested is relative and closely associated with the envi- 
ronmental conditions and the particular physiological constitution 
of the individual organisms imder consideration, as well as with the 
concentration of the different toxic substances employed and the 
chemical and physical relations which these bear to the media upon 
which the organisms are grown. Why certain concentrations of 
substances are toxic to one plant and not to another, or why the same 
species varies in its tolerance to a certain toxic agent, is more or less 
obscure. According to Heald (12, p. 126) it may be a case of '' adapta- 
tion and adjustment,'' and this is at least suggested by the work of 
Pulst (23) in increasing the resistance of PenicUHum glaucum to cop- 
per sulphate. In support of his view Heald further states: 

Those substances which are poisonous to plants are generally such substances as are 
not accessible to plants in their normal habitats, at least to any extent, while those 
substances which are generally present in the soil have no injurious effect, or at least 
not in the same degree of concentration at which we find them in the soil. 

However, for the purposes of the present paper the question of 
how the toxic substances exert their effect is not so near to the point 
as is the question of what particular components of the substances 
are the effective ones. On the basis of the separation of compounds 
into their constituent ions (elements or radicals) when brought into 
solution, many efforts have been made by comparison of different 
substances which have certain ions present in varying proportions to 
determine the most active part of the molecule. As many substances, 
particularly the more complex, do not become completely dissociated 
in solution, experimental work largely draws its inferences from the 
simpler compoimds, mainly the inorganic. 

As a result of work on such ionized molecular solutions, investiga- 
tors quite generally agree that in case of the salts of heavy metals, 
like copper and mercury, it is the metallic ion that is largely effective. 
In the case of strong acids, such as hydrochloric and sulphuric, the 
hydrogen ion is said to be the principal toxic element. The work of 
Kahlenberg and True (14) proves the great activity of hydrogen and 
shows that in mixtures of such acids the toxicity is proportional to 
the number of free hydrogen ions present. 

In 1900 True (28) published an accoimt of the investigation of 20 
acids, both inorganic and organic, together with their sodium salts, 
in an effort to extend our knowledge of the effective toxic elements, 
the toxicity tests being conducted on the roots of Lupinus albus. 
With the simple inorganic acids, which readily dissociate in solution, 
he corroborated earher views that the H ion gives the greater part of 
the toxicity to the solution, the corresponding sodium salts of the 

88340°— Bull. 227—15 2 
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acids being only slightly toxic. With the organic acids, in which 
ionic dissociation is usually less complete, he also found that the 
relative importance of the H ions in general varied with the per- 
centage of dissociation. If the dissociation was relatively slight, the 
nonionized molecule itself exerted the predominating influence. In 
general, the anions of organic acids were found to possess relatively 
slight toxic properties, oftentimes so slight as to be almost negligible, 
and, since both the sodium ions and the anions were usually but 
weakly toxic, it followed, as a rule, that sodium salts showed but 0.5 
to 3 per cent of the toxic value of the corresponding acids. Carboxyl 
hydrogen proved much more toxic than hydroxyl hydrogen. Since 
in the phenols this latter form of combination occurs, and since these 
substances do not ionize, the toxicity here must be referred entirely 
to the undissociated molecule. 

In order to throw further light on the behavior of phenols and their 
derivatives True and Hunkel (30) extended their investigations on 
Lupinus dibus to this group. The results bear out their earlier con- 
clusions that electrolytic dissociation of phenylic bodies plays but a 
very subordinate r61e in determining their toxicity. However, in a 
few instances, such as with picric and sahcylic acids, the cresols, and 
the mononitrophenols, electrolytic dissociation is said to exert a pro- 
nounced influence. Some phenols also, like pyrocatechol and hydro- 
quinone, which are comparatively mistable, may quickly change to 
constituents even more fatal than H ions. Certain radicals seemed 
also to have specific properties when introduced into the molecule. 
For instance, the nimiber of hydroxyl groups appeared to have little 
influence, while the introduction of the methyl group into the benzene 
nucleus increased the toxicity to a considerable but variable degree, 
as shown by the cresols and less plainly by orcinol; however, replacing 
the H of a hydroxyl group by a CHg group had little effect. The 
introduction of the isopropyl group into the cresols further increased 
their toxicity. The presence of one or more nitro groups hkewise 
increased toxicity to a great degree, but the number of these groups 
seemed to make little difference. 

Similarly, in the case of certain organic compounds (cf . 7, pp. 351- 
352), Ehrhch and Bechhold have shown that the introduction of 
halogen and alkyl groups into the benzol ring increases the toxicity 
of phenols to diphtheria bacteria, two molecules of pentabrom- 
phenol being about equal to 40 molecules of trichlorphenol and 100 
molecules of phenol. On the other hand, the introduction of the car- 
boxyl group was said to lessen toxicity. 

Likewise, Falck (7, pp. 355, 357) states that nitrophenols and dini- 
trophenols are considerably more toxic than phenol and more so when 
the nitro groups are in the ortho position than when in the meta or 
para position. The most effective of 19 nitrophenols which he tested 
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in Petri dishes on agar against the fungus Coniophora cereheUa were 
the sodium or potassium salts of dinitrophenol (C^Hj* (N03)3[2.4] 
ONa) and dmitro^rthocresol (CeHj-CH, [2].(N03)jONa). 

Generalizations, however, are not always applicable by analogy 
and may serve only for certain limited groups. In his work on 
numerous fluorin salts Netzsch (21) found that the fluorin ion was 
the most active, the relative toxicity of the simpler and consequently 
more readily dissociated salts, at least, being in direct proportion to 
the amount of fluorin in the molecule. When the acid (HF) itself, 
however, was imder consideration it was found to be even more toxic 
than its simple metaUic salts, indicating the great activity of free 
hydrogen. 

TESTS OF THE TOXICITY OF WOOD PBESERVATIVES. 

It is only within the past decade that laboratory tests to determine 
the relative toxicity of substances adapted particularly to wood 
preservation have been undertaken. These lack the refinement of 
earlier work, as it was not the intention to enter into the question as 
to why and how a substance was toxic, but merely to determine how 
much of a given poisonous substance was necessary to inhibit the 
growth of fxmgi, particularly the wood-rotting forms. The result is 
that different investigators have used different methods, different 
culture media, different organisms, temperature conditions which 
were often not the optimum for the fungi concerned, and ofttimes 
also impure chemicals and composite oils, such as creosotes, that no 
other investigator is able to duplicate except from the same sample. 

The problem has been attacked in two ways: (1) By mixing the 
preservative under consideration with various types of culture solu- 
tions, usually solidified by the addition of agar-agar or gelatin, and 
inoculating with the organisms desired; and (2) by injecting the 
preservative into wood and exposing the blocks thus treated to the 
action of wood-destroying fungi. 

Tests of this sort were first suggested by Malenkovi6 (18) in 1904. 
The restdts of his work were first published in an Austrian military 
journal and later (19) amplified and printed in book form. He lays 
no claim to refinement of work, so it is difficult to correlate his results 
with later ones, except in a general way. The larger part of his ex- 
periments were carried out by injecting the preservative into wood, 
but a few beaker tests were made according to the following plan: 

Five glass beakers were filled with 100 c. c. of 10 per cent gelatin or 2 per cent agar 
media, and to each was added a certain amount of the antiseptic, such as 0.5, 1, 1.5, 
and 2 grams. The media were then melted, thoroughly stirred, and allowed to cool. 
Then, without any previous sterilization, a trace of some mold (unknown to the experi- 
menter) was transferred to the surface of the media, and the cultures were set away in 
a dark, damp place. After 14 days observations were made to determine whether the 
surface had become moldy. The concentration that prevented mold growth was 
recorded as the toxic point for the preservative in question. 
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As has been shown in the preceding discussion, tests that are 
conducted finder any other than pure-culture conditions are not 
directly comparable with each other, for the different organisms 
react in an entirely different way to the same chemical substance. 
Moreover, the use of molds which at most produce but slight effect 
upon wood gives no more than the roughest approximation as to how 
wood-destroying organisms would behave under similar conditions. 

In 1910 Netzsch (21) conducted an exhaustive series of experiments 
on the toxicity of fluorin compounds. As these compounds have 
only recently entered into the field of wood preservation, and as many 
of them have proved to be toxic agents of high efficiency, his work is 
of great technical value. He carried out the work much as Malenko- 
vic and other investigators have done, both by mixing the substances 
in gelatin culture media and injecting them into wood, but his tests 
on culture media were carried out under sterile conditions in flasks, 
tests tubes, or Petri dishes, so that many of the objections to the work 
of Malenkovic were eliminated. Into the gelatin media were intro- 
duced varying proportions of equimolecular solutions of the fluorin 
compounds. Tlie culture vessels were then inoculated, using both 
ConiopTiora cereheUa (a true wood destroyer) and the green mold, 
PenicUlium glaucum, the former being maintained for about four weeks 
in an incubator at 20® to 21*^ C. His results, showing the point of 
inhibition of growth, are presented on the basis of one gram molecule 
of the preservative to the number of liters of culture media necessary 
to secure the proper concentration. In the present paper this ratio 
has been changed to the percentage basis (weight of preservative in 
volume of media), in order to compare his results with those of other 
investigators. 

About this same time Seidenschniu' (26), head chemist of the wood- 
preservation laboratory of the Rtitgerswerke-Aktiengeselischaft, at 
Berlin (Charlottenburg), presented the results of a few tests upon 
the comparative toxicity of zinc chlorid and tar oils. His experi- 
ments were conducted in test tubes containing gelatin media mixed 
with varying proportions of the antiseptics. After the mixture was 
prepared, the tubes were sterilized for one-half hour at 80° C.^ The 
tubes were then slanted and inoculated with PeniciUium glaucum. 
The toxic point was not determined, but the relative efficiency of the 
two substances was compared in parallel cultures. 

During 1911, J. M. Weiss (33, 34), chemist in the technical labora- 
tories of the Barrett Manufacti^ing Co., New York City, published 
the results of a number of experiments to test the relative antiseptic 
value of creosotes and other oils. The substances were mixed in 
agar media. The organisms used consisted of a bacterium (BaciUus 
8vl>tilis)j a yeast (Saccharomyces glutinis), and a species of PeniciUium. 

^ This treatment, however, is usually considered insufficient to insure sterility. 
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An effort was made to handle them in pm*e culture under sterile 
conditions. The selection, however, of test organisms which play 
at most but a slight r6le in the decay of timber is not to be recom- 
mended. As many factors of error as possible should be eliminated 
from such tests, for there are certain to be many remaining after all 
precautions are taken. 

During the same year Rumbold (25) carried out a series of tests with 
different wood preservatives, using agar media in Petri dishes as weU 
as toasted bread soaked in the antiseptics. In the case of the agar 
cultures, the media and preservative were mixed before sterilization. 
This procedure is known to lead to very erroneous results with cer- 
tain substances, such as zinc chlorid and copper sulphate. In all 
cases the preservative and media should be sterilized separately 
and heated no higher than is necessary during the mixing, in order 
to avoid as far as possible any chemical combination which tends 
to occur. The higher concentrations of the salts mentioned above 
cause a liquefaction of agar or gelatin media when sterilized together. 
One test conducted in our laboratory showed that zinc chlorid at 0.6 
per cent concentration when sterilized after mixing allowed even 
more growth of Fames annosus than 0.2 per cent when the two com- 
ponents were not sterilized together. Concentrations of the sterilized 
mixture below about 0.4 per cent appeared to be stimulative, giving 
a white, fluffy growth, which was more luxuriant than in the creamy 
check cultures and which grew up ove;* the under side of the covers 
of the Petri dishes. 

The use of bread for culture media Ukewise is objectionable, for 
the starch therein contained possibly acts as a diluting agent, as 
already indicated in the discussion of the phenomena of adsorption. 
For instance, in comparing Rumbold's tests of sodium carbonate on 
bread and on agar it is seen that considerably more of the preserva- 
tive is required to check the growth of the organisms when the for- 
mer medium is used. 

In 1912, Falck (7), and Dean and Downs (4), pubUshed the results 
of work on various wood preservatives in agar media, using wood- 
rotting organisms. 

The former covered a wide range of possible preservatives (some 
60 or 70), including phenols and cresols and their derivatives, benzol 
derivatives, fluorin compounds, acids, alkahes, and inorganic metal- 
lic salts. The work appears to have been very carefully done and 
is an extremely valuable contribution to the subject. It is open to 
the objection, however, that the tests were of too short a duration. 

Dean and Downs report only a few tests on tar oils in a bean-agar 
medium, using the cosmopohtan wood-rotting fungus Polystictus 
versicolor. These investigators introduced a method of preparing 
creosote emulsions with gum arable, which was considered advanta- 
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geoits,^ particularly with heavy oils. They also attempted to improve 
upon the usual method of inoculating the surface of the culture with 
the mycelium of the test organism by cutting a small block out of the 
medium, placing the transferred mycelium in the aperture, and then 
covering this with the portion of medium which was originally re- 
moved. They claimed this would give a more accurate indication 
of whether the fungus was reaUy growing on the treated medium 
or only on the fragment of medium which must necessarily accom-? 
pany the myceliurn when it was transferred. This appears, how- 
ever, from work in our laboratory, to be a refinement of doubtful 
expediency, for it has often resulted that when fresh, actively grow- 
ing mycelium is placed in intimate contact with the poison it will be 
directly killed, while if it has the opportunity to recover its vigor to 
a certain extent after the disturbance in its growth equilibrium, due 
to cutting and removal from the original cultiu*e, it may eventually 
withstand concentrations which would otherwise be fatal. 

The more important results of these different investigators are 
presented in Table IV (pp. 31-34). 

TESTS CONDUCTED AT THE FOREST-PRODUCTS LABORATORY. 

SCOPE OF THE WORK. 

The experimental work in wood preservation at the Forest-Prod- 
ucts Laboratory includes a physical, chemical, and pathological 
examination of various substances which may have a possible value 
in the industry (32). Therefore, since toxicity is but one factor, 
conclusions regarding the service value of these substances should 
not be drawn without giving due consideration to other factors.^ The 
pathological tests are made in Petri dishes, using agar media, or by 
injecting the preservatives into wood and exposing the wood to the 
action of wood-destroying organisms. Only the Petri-dish method 
is herein described. This method has the advantage of giving 
results from which at least tentative conclusions can be drawn in a 
relatively short time. Conversely, it is open to certain objections 
for which due allowance must be made in generalizations regarding 
the possible behavior of a preservative when placed under service 
conditions. However, in experimental work on the toxicity of dif- 
ferent chemical substances it is often very necessary to secure indi- 
catory results as soon as possible. In this way many substances 
may be eliminated which are not worthy of further trial. After a 
preservative has been shown to possess high toxic properties under 

1 From the purely physical side of preparing the preservatives so they can be more readily handled 
the gum-arabic emulsions have proved satisfactory to the writers, but the gum arable apparently reduces 
the toxicity to such an extent as to forbid its use in comparative tests. This fact has been determined 
since this manuscript was prepu ed . 

« See U. 8. Dept. of Agriculture BuUethi 146, " Tests of wood preservatives." 
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Petri-dish conditions, tests on its properties when injected into 
wood should follow, under both laboratory and service conditions. 

Recently, an attempt has been made by a European investigator 
(20) to correlate Petri-dish results directly with service values- 
First, the preservatives were grouped as nearly as possible according 
to their permanence in wood. Then, knowing the average length 
of life of the treated timbers, the amount of preservative necessary 
to inject to give this life, and the toxic point of the substances as 
indicated by Petri-dish tests, a curve was plotted using the first fac- 
tor as the axis of ordinates and the ratio existing between the second 
two as the axis of abscissas. From this curve the investigator would 
predict the possible service value of any new preservative of like per- 
manence in wood merely from the known Petri-dish ratio by locating 
the point at which its ordinate intersects the standard curve. 

Such mathematical calcxilations are interesting, but must neces- 
sarily be very limited in their appUcation, since such variables as 
th6 solubility and volatihty of the preservatives, the nature of the 
timber treated, and the soil and weather conditions to which the 
treated wood is exposed must necessarily exert a great influence on 
the length of the life of the material. 

At the Forest-Products Laboratory, 2,400 Petri-dish tests have 
been made to date on 54 different substances; however, not all are 
sufficiently complete to be reported. These include a few water- 
soluble salts, but in the main they comprise various oils and tars. 
These preservatives have been for the most part submitted by 
American and European cooperators interested in having the sub- 
stances examined. 

The tests were conducted using two wood-destroying organisms, 
Fomes annosus Fr. and Fomes pinicola (Sw.) Fr., which have a wide 
American and European distribution and are very important in the 
decay of wood, particularly coniferous timber. The former is 
undoubtedly the most serious fungus of coniferous mine timbers 
in the United States. 

In general, the molds used by other investigators may be coflhr 
sidered more resistant than the true wood-destroying fuogi/[A)ut 
the writers have considered it advisable* to use onlyjjWjobdftdiejsjttl^yiT 
ing forms, in order to eliminate any possibly erroaeouslinfereiioe^* ^. 

METTHODS OF TESTING TOtii^}''^^'^ '>tOH()'JT> -liiiAiUn 

,iMhiW fl^iv/ yji^^ljjmo ylib/jo-i ion 

dia nutrient to 



The method of conducting thg,;j^,te,y^^ m,^i^pmT^.,the sam^ 

that used by other invest^af^^^ WmMmU %yWWHh^ 
various pre3ei^atives^,^,^e^t^,j)^9^tapn8,A^ttW^ 

fimgi. However, a:n a-ttennpt waamade to .refine the . metnods as 

far as possible/ «6^ as^^td^MMfamter^tMSftithi'^bttPc^^ 

attention nas alreaay been.^^iip^inomunii^q -...'ij/i. e innuboiq wMnuHf boiusm eiiiT^* 
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A culture medium made according to the following formula was 
used: 

Extract of 1 pound lean beef in distilled water 1,000 c.c. 

LOfflund's malt extract 25 grams. 

Agar-agar » 20 grams. 

(Carefully filtered, but reaction not adjusted; slightly acid.) 

This is the formula largely used by German investigators. It is a 
good medium for the development of fungi, but, like all other media 
of organic and of ten ' unknown composition, offers the objection 
of possible chemical reaction with certain preservatives. How- 
ever, such synthetic media as were experimented with proved very 
poor substrata for the development of the organisms. 

The above medium after melting was measured ^ into 50-c. c. glass 
bottles with carefuUy ground glass stoppers, usually 17 c. c. to a 
bottle, using a standardized 17-c. c. pipette or a 25-g. c. graduate. 
One check was usually prepared for each series of concentrations 
and to this was added sufficient distiUed water to make 20 c. c. 
The stoppers were then sealed in with a rubber-glycerin burette-cock 
grease and capped with a small piece of muslin. The bottles were 
clamped in specially constructed frames (PI. I, fig. 1) and given a 
sterilization of 25, 20, and 20 minutes, respectively, at 100® C. on 
successive days. 

The handling of the preservatives involved slight modifications 
for individual cases, but in all instances concentrations are based 
on the actual weight of the preservatives in grams in 20 c. c. agar- 
preservative mixture. 

With inorganic salts soluble in water solutions were prepared 
varying from 3 to 10 per cent concentration (grams in 100-c. c. solu- 
tion), and these were used by measuring into 50-c. c. bottles, similar 
to those used for agar, the desired amount of solution, using either a 
10-c. c. or a 25-c. c. standardized burette graduated in twentieths 
or tenths of a cubic centimeter, respectively. To each bottle was 
then added sufficient distilled water to make 3 c. c. In all cases 
concentrations were based on the weight of dry salt present. 

All other preservatives were weighed into the 50-c. c. bottles on an 
analytical balance, and enough distilled water was added to make 
3 c. c. In the case of a few viscous oils, namely, coal-tar creosote, 
coal-tar creosote Fraction V, wood tar, and wood creosote, which do 
not readily emulsify with water, 5 to 33 J per cent stock emulsions^ 
were prepared, using equal amounts of gum arabic and preservative 
and diluting with distiUed water to the desired concentration. These 
emulsions were then used in place of the crude preservatives. 

^ In all measurements of agar one-half c. c. excess was allowed to cover the amoont adhering to the 
glass containers. 
*Thls method usually produced a quite permanent emulsion. 



ToxioiTV STUDIES! APPARATUS AND PETRi-DisM Cultures. 

Fia. 1.— FiamBforagar and pressrratlve bottles during sterilliaUon. Fio. 2.— Inoculation caso, 
sbDwlnK water tiath on hot plate and other apparatus used. FlQ. 3.— Petri-dish culture 01 
Fonui onnoauj cut into sijuarea ready for transferring to the test plates; platinum needle with 
flattened tip used in the operation. FiGa. 4 to 9.— Petri-dish cultuiaa of Fomts piakola on 



Toxicity Studies: Petri-Dish Cultures of Fomes annosus and Fomes 

Fiaa. 10 and il.—F. onnojiM on different ooncenlratlons of coal-tar oreoaoW, Fraction I, after 5 
weeks: 10, on 0.275 per cent; II, on O.J per cent. Figs. 12 and 13.— J', pinicota on different 
concentratlooa of coal-tar creosote, Fraction II, alter 5'/i veeks; 12, On 0.125 per cent; 13, on 
0.15 i)er cent. Fias. 11 to I'i.—F.piaicola on different conoentrstions ol coal tar creosote, 

percent; ]8',on 0.1 percent;' 19, on 6.12^ per cent. Fias. 20 M 23.— f. anmutK'on 'different 
concentrations oE coal-tar creosote, Fraction V, alter 7 veeks; 20, Check; 21, on 0.1 per cent; 
22, on O.S per cent; 23, on 1 percent. Fio. 24.— f. piniiwlo on 1 per cent concentration ol coai- 
(sr creosote, Fraction V, alter 6 weeks. 



Toxicity Studies: Petri-Dish Cultures of Fomes annosus and Fomes pinicola.— ri. 

Figs. 25 and 28.— i*. pinicola on dlSerenC CDucentratloos ol 
Nd. 1101, Btler about S iieeks: 2o. On 20 per cent: 2S, on m, 
ftu an diffwent conceatTations of wfLter.^as tar dlstitlate (s 
ZT,On 0.2 percent; 28, on 0.3 per cent. Flo.23.—F.aanos 
B. P. F. carboUneum alter about 6 weelcs. Fio. 30.— J", on' 
oFcoal-tArcreosotBT Fraction III, afterO weeks. Fir.H. ^^ i 
centratians ot wood creosote < DoueIbs Hi) atter at 
33,on0,l per cenl;31, on O.liS percent; 35,on0.15 oer cent. 

dinerent amcentiationa of wooa creosol* ( Douglas fir) altor ab . .._ _ , 

37, on OA per cent. Fios. 38 and 39.— J", annoros on dlSerert concsntratlons ot crBsol calcium 



Toxicity Studies; Petri-Dish Cultures of Fomes 

FlsB. 40 to 4^—F. pinlcola on dMereQt concentrations of wood tar (bardvood) Btler 2 weeks: 
lO.CliMk; «,on0.2 per tent; 18, on 0.3 percent; «, on 0.4 per cent; 14, on 0.5 per cent; 43, on 
0.6 per cent. F[aa. 40 to 4S.— f , onmuui on different concentrations o/ wood tar (tiardwood) 
BiUt about 3 weeks: 4S, On 0.1 per cent; 47, on O.S per cent; 48, check. Fios. 49 to 61.— K 

60, on 1.75 per cent aflw about 3 weeks; 61, on 30 per cent after about S'A weeks. Fig. 52.— 
y.pinicola on 50 per cent concentration of None-Such Special after about Si^weeks. FTG9. ^3 

53, On 0.7; 



.— f, pinlcola on aitterent ci 
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In a few instances where the preservatives were low in toxic 
properties more than the specified 3 c. c. was necessary in order to 
secure the higher concentrations, and in these cases it became nec- 
essary to take into consideration the excess of preservative, and, 
considering it roughly as having the specific gravity of water, to 
reduce the agar by just this amount, in order that the combined vol- 
ume might not exceed 20 c. c. 

The concentrations to be used in the first series* of experiments on 
a given preservative were governed largely by the judgment of the 
investigator. The results thus obtained usually determined between 
what limits it was necessary to continue the work. The experiments 
were then carried on between these points, usually to within an accu- 
racy of about 10 per cent for the actual and total inhibition point 
for each preservative. Thus, if growth stopped at 0.5 per cent or 
below, the tests were carried to the nearest 0.05 per cent; if between 
0.5 and 1 per cent they were carried to the nearest 0.1 per cent, and 
so on up to the highest concentrations employed, usually 40 per cent, 
which would thus be tested to the nearest 4 per cent. This 40 per 
cent concentration is equivalent to an injection of 24.9 pounds of 
the preservative per cubic foot, and it was thought unnecessary from 
a practical standpoint to go above this point. 

After the proper quantities of preservative had been placed in 
50-c. c. glass-stoppered bottles, these were sealed and sterilized in 
exactly the same way as the agar bottles and along with them. 

As a few experimental weighings before and after sterilization indi- 
cated that no loss occurred, even of such volatile substances as are 
cx)ntained in the lowest fractions of coal-tar creosote, the method 
may be considered safe. 

After sterilization, both the agar and preservative bottles were 
heated on the water bath, then transferred to a sterile culture case 
(PI. I, fig. 2), where the hot agar was poured into the preservative 
bottle and thoroughly mixed. In some cases one or two sterile glass 
beads were added to the preservative bottles to facilitate the mixing. 
These were removed later. 

The agar-preservative mixtures were then poured into sterile Petri 
dishes 100 mm. in diameter and 10 mm. deep. After cooling, each 
plate was inoculated at the center with a weft of mycelium 5 or 6 
mm. square, cut from a Petri-dish cxilture (PI. I, fig. 3) 2 to 3 weeks 
old of the fimgus desired, either Fomes annosus Fr. or Fames pinicola 
(Sw.) Fr. The dishes thus prepared were then placed in an incu- 
bator and held at approximately 25° C. for periods varying from 4 
to 10 weeks, usually from 4 to 6. 

1 A series consists of a set of progressively increasing concentrations of a given preservative, tested at 
the same time against the action of a single fungus. 

88340®— Bull. 227—15 3 
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In addition to the possibility, in some instances, of chemical 
combinations between the preservative and the media, there will also 
necessarily be a slight change in concentration, due to the drying 
out of the media when held in Petri dishes for six to eight weeks. 
Likewise, during this interval of time certain volatile constituents, 
particularly the lighter oils, may escape from the media. 

In recording observations of the behavior of the fungi toward the 
preservative, rapidity and amplitude of growth, together with any 
other peculiarities in appearance, were noted, inspection being made 
about once a week. 

One very interesting feature of the tests was the development of 
a ''halo** around either the living or the dead transfers, or in advance 
of the fungous growth on the check cultures. These halos differed in 
appearance on the different preservatives, sometimes being lighter, 
sometimes darker, than the surroimding medium. In order to deter- 
mine whether the change was due to advance submerged hyphse, 
several transfers were made from the halos to fresh sterile agar, but 
as no living organisms were demonstrated by this test or by micro- 
scopical examination to be present it appears to be an advance 
physicochemical change in the media, arising, perhaps, from the dif- 
fusion of enzyms from the transfer, as Kellerman (15) has recently 
demonstrated for cytase produced in fungus cultures. 

DEVELOPMENT OF FOMEQ ANNOSUS AND FOMES PINIGOLA. 

IN NONTOXIC CHECK CULTURES. 

In the check cultures, Fomes anriosus produces a rather compact 
creamy growth (PI. II, fig. 20, and PI. IV, fig. 48), forming an abim- 
dance of the characteristic conidia described by Brefeld. F. pinicola 
(PI. I, fig. 4; PL III, fig. 31; and PL IV, fig. 40), on the other hand, 
develops a fluffy, deep, white myceUum of considerably more rapid 
growth than F. annosus. At 25° C, F. pinicola develops a radial 
growth of 24 mm. in 9 days (average of 14 tests) and covers the plate 
in 15 days (15 tests); F. annosus develops 15 mm. in 8§ days (19 
tests) and covers the plate in 20 J days (12 tests). 

IN CULTURES CONTAINING TOXIC SUBSTANCES. 

The rate of growth of each of these two fungi on toxic media is 
usually considerably retarded, in many cases strongly so, as com- 
pared with check cultures. In some instances where very low con- 
centrations of certain substances are used, a stimulating effect is ob- 
served, but this condition is reversed with increased concentrations. 
The stimulated growth on zinc-chlorid concentrations when heated 
in the presence of the culture media (such concentrations often being 
far above those necessary to kill when not so heated together) is 
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readily explained on the basis of chemical combination with the 
media. 

The length of time required to make an initial growth on different 
toxic media varies from. a very few days up to seven weeks or more; 
check cultures usually start within two or three days. Table I 
illustrates this for a few preservatives. 

Table I. — Time required by Fomes annosus on 0.2 per cent concentrations and F.pinicola 
on 0.1 per cent concentrations to make initial growth from mycelium at 25 C. 



Preservative used. 



Check cultwos 

Sodium fluorid 

Coal-tar creosote 

Coal-tar creosote, I raction IL . 
Coal-tar creosote, Fraction III. 
Coal-tar creosote. Fraction IV. 




r. pinicola. 



Daps. 
2to2 
24 
21 
18 
23 
53 



It is thus seen tnat no growth demonstrable to the naked eye on 
any of the concentrations mentioned occurred within a period of tw;o 
weeks, and the error which would occur in discontinuing the tests 
at the end of 8 to 10 days, as several investigators have done, becomes 
very evident. 

RECORD OF TESTS CONDUCTED. 

A description of each of the 18 preservatives used, accompanied 
by individual tables and notes showing the rate, amphtude, and 
appearance of growth on the different concentrations, as compared 
with the check cultures, is given on the following pages. Under the 
heading ' 'Concentration of the preservative'' in each table the average 
radial distance to which the fungus has grown from the margin of the 
transfer at the end of the test is indicated by numerals,* the position 
of the first zero marking the kiUing point: Thus, 4 = 30 to 40 mm.; 
3 = 20 to 30 mm.; 2 = 10 to 20 mm.; 1 = 1 to 10mm.; = no growth. 

Sodium fluorid. 
[Laiboratory sample No. 1929. Purchased from Eimer & Amend, Chicago, HI.] 



Fungus. 


Tests. 


Times 
kiUing 
point 
veri- 
fied. 


Concentration of the preservative (per 
cent). 




Number. 


Duration. 


0.05 


0.1 


0.15 


0.2 


0.25 


Check. 


Fomes annosus 


9 

n 


Weeks. 
4 
5 to 7 


1 

1 1 4 
1 3 


1 

3 1 2 
2 


1 


4 


F. pinicola 




4 

















1 It should be kept in mind that the growth rate designated as " 4 " is not necessarily the same on different 
preservatives or dilTerent concentrations of the same preservative. ^11 cultures which have produced 
a growth of at least 30 to 40 mm. radius at the end of the test are included. Some of these niav have reached 
this point in two to three weeks, as in the case of the checks, while others may have required the full test 
period; hence, the data as presented show only the relative retarding effect of the higher concentrations. 
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Fames annosus: In one week, the radial growth of the check was 15 mm.; 0.05 per 
cent, 20 mm.; 0.1 per cent, 15 mm.; 0.15 per cent, 3 mm. In four weeks concentra- 
tions up to 0.15 per cent showed 20 to 30 mm. ; 0.2 per cent, about 2 mm. Thus, the 
rate of growth on 0.05 and 0.1 per cent concentrations equaled or exceeded that of the 
checks, but the higher concentrations produced a decided inhibition. The growth 
on the toxic media appeared very much as on the check. 

Fomes pinicola: In two weeks, the radial growth of the check was 40 mm. ; 0.05 per 
cent, 9 mm. ; 0.1 per cent, 4 mm. ; no growth on 0.15 per cent. After four to six weeks, 
no growth on 0.15 per cent. The growth on the toxic media was fluffy, white, and quite 
similar in appearance to that on the check. 

Zinc chlorid. 

(PI. IV, figs. 53 and 54.) 

[Laboratory sample No. 2239. Cooperator, Grasselli Chemical Co., Cleveland, Ohio. Commercial salt, 
meeting the si>ecificationsof the American Railway Engineering and Maintenance-of-Way Association.] 





Tests. 


Times 
killing 
point 
veri- 
fied. 


Concentration of the preservative (percent). 


Fungus. 


Num- 
ber. 


Dura- 
tion. 


0.1 
4 


0.2 
1 


0.3 
1 


0.4 
1 


0.45 


0.475 


0.5 


0.6 


0.65 


0.7 


0.75 


Check. 


Fomes anrto^u^ - 


33 
33 


Weeks. 
6to8 
4 to 8 


1 
2 


1 


1 











4 


F. pinicola 


4 


4 


4 





4 










••"1 

1 


, 





Fames annosus: In 18 days, the radial growth of the checks reached about 35 mm.; 
0.05 per cent, about equal to chepk; 0.15 per cent, 8 mm. ; 0.3 per cent, 1 mm. There 
was usually no growth on higher concentrations until after about four weeks, and it 
was comparatively slight even after ^six to eight weeks, reaching only 1 to 8 mm. The 
toxic cultures generally were denser and of brighter tan color than the check. 

Fam£s pinicola: In two weeks, 'the radial growth of the check reached 40 mm.; 0.6 
and 0.7 per cent, 10 mm. After four weeks, 0.6 and 0.7 per cent reached 35 mm. On 
the lower concentrations the growth was more fluffy than that on the check. 

Sapwood antiseptic. 






Tests. 


Times 
killing 
point 
veri- 
fied. 


Concentration of the preservative (per cent). 


Fungus. 


Num- 
ber. 


Durar 
tion. 


163 


25 

4 


30 


50 
2 


t 
60 


75 


Check. 


Fomes atmosus 


17' 


Weeks. 
4to5 




4 


3 


2 


1 


4 







Fam£s annosus: In about three weeks the radial growth of check reached 40 mm. ; 
50 per cent, 10 to 15 mm.; 75 per cent, very slight growth. PeniciUium developed 
abundantly on 100 per cent. The preservative up to 25 per cent concentration 
showed a decided stimulating effect. 

The first concentration is based on the solution, as given above, which was prepared 
and submitted by the cooperator. Above 16J per cent it was necessary to use a more 
concentrated solution, and a strength six times the original formula was prepared. 



i 



THE TOXICITY TO FUNGI OF VARIOUS OILS AND SALTS. 



21 



Coal-tar creosote^ grade C. 
(PI. I, figs. 5 to 9.) 

(Laboratory sample No. 1074. Purchased from the Creosote Supply Co., Chalmette, La. Liquid at room 
temperature, 8.4 per cent water; specific gravity, 1.0483 at 60* C.; flash point, 93** C; burning point, 100* 
C. ; 11 per cent distills below 205* C. ; 64. 1 per cent distills below 275* C. ; 74. 1 per cent distills below 320* C] 



Fungus. 


Tests. 


Times killing 
point verified. 


Concentration of the preservative (per cent). 


Num- 
ber. 


Dura- 
tion. 


o 

• 

o 


• 




o 

2 
1 


d 

1 



• 

O 
1 


d 
1 


• 

o 

1 


d 

1 


• 

o 

1 


«4 

• 

o 



i 


Vonifts AT>na*!iiS , . . 


44 
21 


Weeks. 
4to8 
4to6 


1 
1 


4 


V. plriinnlA , . , 


3 


2 


1 


4 



















1 These values are based on gimi-arabic emulsions. Later work, using the pure preservative, indicates 
that the toxic point may fall somewhat lower. 

Fomes annosus: In 17 days the radial growth of the check reached about 40 mm.; 
0.2 and 0.275 per cent showed initial growth only. In three to four weeks, 0.2 per 
cent showed 10 mm.; 0.25 to 0.5 per cent, 2 to 3 mm. In six weeks, 0.525 per cent 
showed only initial growth. In seven weeks, 0.5 and 0.525 per cent reached 2 to 9 
mm. The growth on the toxic media was about the same in appearance as on the 
check. 

Fomes pinicola: In two weeks the radial growth of the check reached about 40 mm. ; 
0.075 per cent, 3 mm.; no growth above this point. In four weeks, 0.075 per cent 
showed 25 mm. ; 0.1 per cent, 13 mm.; 0.15 per cent, 6 mm. After five weeks, 0.175 
and 0.2 per cent reached 3 mm.; above this point all growth was inhibited. The 
growth on the toxic media was dull white, with a crinkled edge. 

Coal-tar creosote^ Fraction L 

(PI. II, figs. 10 and 11.) 

(Laboratory sample No. 1004. Cooperator, Semet-Solvav Co., Ensley, Ala. Light liquid at room tem- 
perature; specific gravity, 0.034 at 60* C; fiash point, 62* C; bummg point, 69* C; 78.3 i)er cent dis- 
tills below 215* C.l 



Fungus. 


Tests. 


Times 
killing 
point 
veri- 
fied. 


Concentration of the preservative (per 
cent). 


Num- 
ber. 


Dura- 
tion. 


0.2 


0.225 


0.25 


0.275 


0.3 


Check. 


Fnmm^ nnnomiS.. , , , 


33 
13 


Weeks. 
4 to 6 
4 to 6 


3 

1 


4 
4 


4 



2 


1 





4 


"F. ninlcola 


4 













Fomes annosus: In 10 to 14 days the radial growth of the check reached 20 mm.; 
0.2 to 0.25 per cent, from 1 to 4 mm. In four weeks, 0.2 to 0.225 per cent reached 30 
mm. ; 0.25 to 0.275 per cent, from 7 to 10 mm. ; no growth at 0.3 per cent. The toxic 
cultures produced a thin, stringy growth. 

Fomes pinicola: In two weeks the radial growth of the check reached 40 mm.; 
0.2 per cent, 1 mm. In four weeks, 0.2 per cent reached 40 mm.; no growth above 
this Moint. The toxic cultures produced a fluffy white growth, similar in appearance 
to that on the check. 
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Coal-tar creosote^ Fraction II, 



(PL II, figs. 12 and 13.) , 

[Laboratory sample No. 1106. Coqperator. Semet-Solvav Co., Ensley. Ala. Naphthalene odor; nearly 
solid at room temx)erature; specific gravitv, 1.003 at 60*** C; flash pomt, 79" C; burning point, 86* C; 
9 per cent distills below 205" C.; 95.9 per cent distills below 287" C.) 





Tests. 


Times 
killing 
potat 
veri- 
fied. 


Concentration of the preservative (per cent). 


Fungus. 


Num- 
ber. 

20 

18 


Dura- 
tion. 


0.1 


0.125 


0.15 


0.175 


0.2 


0.225 


Check. 


FoTnes annosus 


Weeks. 
5to9 
4 to 5 


1 
2 


■■* 4 


3 
4 


2 



1 


1 





4 


F ninicola 


4 













Fames annosus: In two weeks the radial growth of the check reached 20 'mm.; no 
growth on 0.15 per cent and above. In four weeks, no growth on 0.225 per cent. In 
six weeks, 0.15 per cent reached 12 mm.; 0.2 per cent, 6 mm.; no growth on 0.225 
per cent. The growth on the toxic media was compact and creamy in color. 

Fomes pinicola: In two weeks the radial growth of the check reached 40 mm.; no 
growth on 0.125 per cent. In four weeks 0.1 and 0.125 per cent reached 40 mm. ; no 
growth above this point. The growth on the toxic media was a dingy white and less 
fluffy than that on the check . 

Coal-tar creosote, Fraction III. 

(PI. Ill, fig; 30.) 

[Laboratory sample No. 1 107. Cooperator , Semet-Solvay Co. , Ensley, Ala. Liquid at room temperature; 
spedflc gravity, 1.045 at 60' C; flash point, lOS" C; bumiiig pomt, 110* C; 0.9 per cent distills below 
2i5*'C.; 4.7 per cent distills below 275* C.; fraction froml70*'to245**C. more or less solid with naphthalene.] 





Tests. 


Times 

Mlling 

point 

verified. 


Concentration of the preservative (per cent). 


Fungus. 


Num- 
ber. 


Dura- 
tion. 


d 


i 

• 

o 


1-1 

• 

o 


• 

• 

o 


1 


o 
1 


o 


CO 

• 

o 


• 

o 



i 


Fomes annosus 


60 
14 


Weeks. 
4 to 12 


2 


1 


1 


4 


F. ninicola 


4 to 7 1 1 


3 2 


1 





4 

























1 The radial growth of Fomes annosiLS on concentrations above 0.2 per cent is very slight, usually not 
exceeding 1 mm. , and the actual toxic point is difficult to locate. It lies between 0.25 and 0.35 per cent. 

* 

Fomes annosus: In 19 days the radial growth of the check reached 40 mm. ; 0.15 and 
0.175 per cent, 1 or 2 mm. In five to six weeks 0.3 per cent showed 1 mm. and lower 
concentrations 1 to 5 mm. The growth on the toxic media was creamy and slightly 
lighter than that on the check. 

Fomes pinicola: In two weeks the radial growth of the check reached 40 mm. In 
about one month 0.05 per cent showed 3 mm. ; 0.075 per cent, 2 mm. In about seven 
weeks 0.1 per cent showed initial growth; lower concentrations from 16 to 23 mm. 
The growth on the toxic media was a fluffy white on the lower concentrations; denser 
on 0.1 per cent. 
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Coal-tar creosote, Fraction IV. 

(PI. II, figs. 14 to 19.) 

[Laboratory sample No. 1108. Cooperator, Semet-Solvay Co., Ensley, Ala. Liquid at room temperature; 
specific gravity, 1.088 at 60" C.; flash point, 130** C; burning point, 136" C; 0.9 per cent distills below 
245* C; 54.3 per cent distills below 320" C] 





Tests. 


Times 

killing 

point 

verified. 


Concentration of the preservative (per cent). 


Fungus. 


Num- 
ber. 


Dura- 
tion. 


o 

• 

o 


8 

• 

o 


i 

• 

o 


d 


■ 

o 


• 

o 
2 


• 

o 
2 


r-i 


C4 


CO 


CO 
CO 






Fomw ^""OBiis . , , 


75 
23 


Weeks. 
5 to 12 
5 to8 


1 
1 


1 


1 


1 


4 


F. pinicola 


3 


2 


2 


1 





4 



















1 The growth of Fomes annosus on concentrations above 2 per cent is very slight, usually not exceeding 
.1 mm. in six weeks, and the actual toxic point is difficult to locate. It lies between 2.5 and 3.5 per cent. 

Fomes annosus: In 12 days, the radial growth of the check reached 25 mm. ; very 
sUght growth on 0.2 to 0.5 per cent. In 18 days, 0.8 to 3 per cent reached 1 to 4 mm. 
In four weeks, 1.25 to 3 per cent reached 1 to 5 mm. The growth on the toxic media 
was usually darker than on the check. 

Fomes pinicola: In two weeks, the radial growth of the check reached 40 nun.; 
no growth on 0.025 per cent. In four weeks, 0.025 per cent showed 2 mm. ; no growth 
on higher concentrations. In eight weeks, 0.025 per cent reached 25 nmi.; 0.05 per 
cent, 15 nmi. ; 0.075 per cent, 10 mm. ; 0.1 per cent, 2 mm. ; no growth above this point. 
The growth on the toxic cultures was dull, compact, and crinkled. 

Coal-tar creosote, Fraction V. 



(PI. II, figs. 21 to 24.) 

[Laboratory sample No. 1109. Cooperator, Semet-Solvay Co., Ensley, Ala. Heavy, tarry liquid; 
gravity, 1.160 at 60" C; flash point, 172" C; burning point, 178" C; 10.1 per cent distills below 
63.3 per cent distills below 380* C] 



specific 
320" C; 





Tcst{=. 


Times 

killing 

point 

verified. 


Concentration of the preservative (per cent). 


Fungus. 


Num- 
ber. 


Dura- 
tion. 


0.1 


0.5 


1 


7 


7.8 

"o 


8 


30 


331 


Check. 


Fomes annosus 

F. ninicola 


42 
30 


Weeks. 
4to9 
4to8 






4 


3 


2 
2 


2 
1 


1 


1 





4 
4 

















^ Th^se values are based on gim^arabic emulsions. 

Fomes annosus: In 10 to 14 days, the radial growth of the check reached about 
40 mm. ; 5.5 to 30 per cent showed 1 to 4 mm. In four weeks, 5 .5 to 7 .5 per cent reached 
8 to 15 mm. ; 15 and 25 per cent, 2 mm. ; no growth on 20 per cent gum-arabic emulsion. 
The growth on the toxic media was dense and creamy on the lower concentmtions; 
submerged at first on the higher concentrations. 

Fomes pinicola: In two weeks, the radial growth of the check reached 40 mm.; 
in three weeks, 1 to 2 per cent showed initial growth; in four weeks, 3 to 6.5 per cent 
showed first growth; after eight weeks, 4.5 to 5 per cent reached 10 to 20 mm. The 
growth on the lower concentrations of the toxic media was white and fluffy; on the 
higher concentrations it was tawny and radiate, with a crinkled edge. 
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Avenarms carbolineum. 



[Laboratory sample No. 1843. Cooperator, Carbolineum Wood Preserving C3o., Milwaukee, Wis. Thick 
liquid at room temperature; specific gravity, 1.126 at 16.5* C; fiash point, 139* C; burning point, 166* C; 
1.1 per cent distills oelow 215* C; 6.1 per cent distills below 275* C; 1.91 per cent tar acids.] 





Tests. 


Times 

killmg 

point 

verified. 


Concentration of the preservativa (per cent). 


Fungus. 


Num- 
ber. 


Dura- 
tion. 


0.175 


0.275 


0.3 

2 



0.8 
2 


1 

1 


4 
1 


5 


6.26 


Check. 


Fomes annosus 


53 

18 


Weeks. 

4 to 10 

5 to 6 


1 
2 






1 





4 


F. pinicola 


1 


1 


4 

















Fomes annosus: In 18 days, the radial growth of the check reached nearly 40 mm.; 
0.3 per cent, 17 mm.; higher concentrations up to 4 per cent showed 1 to 6 mm. In 
four to six weeks, 5 per cent reached 1 mm. The growth on the toxic media was 
similar in appearance to that on the check. 

Fomes pinicola: In two weeks the radial growth of the check reached 40 mm.; 0.175 
per cent showed no growth. In four weeks, 0.175 to 0.275 per cent reached 1 mm. 
The growth on the toxic media was compact and darker than that on the check. 

S. P. F. carbolineum. 



(PL III, fig. 29.) 

[Laboratory sample No. 1844. Cooperator, Bruno-Grosche & Co., New York, N. Y. Thick brown liquid, 

specific gravity, 1.127 at 16* C; flash point, 133* C; bumihg point, 157* C; less t" 

below 245* C; about 30 per cent distifls below 320* C; 2.42 per cent tar acids.] 



than 9 per cent distills 





Tests. 


Times 

killing 

point 

verified. 


Concentration of the preservative (per cent). 


Fungus. 


Num 
bfer. 


Dura- 
tion. 


1 

1 


1.5 


1.75 


2 
1 


3 

1 


4 
1 


4.51 


Check. 


Fomes annosus 


73 


Weeks. 
5 to 8 


2 


1 


1 





4 







1 The growth of Fomes annosus on concentrations above 3 per cent is very slight, usually not exceeding 
1 mm. in six weeks, and the actual toxic point is difficult to locate. It lies between 4 and 5 per cent. 

Fomes annosus: In four weeks the radial growth of the check reached about 40 mm. ; 
1 and 1.5 per cent, 1 mm. In six weeks, 1 and 1.5 per cent showed 5 mm.; 1.75 to 
4 per cent, 1 to 5 mm. Tests were not made on concentrations below 1 per cent. 
The growth on the toxic media was quite similar in appearance to that on the check. 

Water-gas tar distillate. 

(PI. Ill, figs. 27 and 28.) 

[Laboratory sample No. 2235. Cooperator, United Gas Improvement Co., Philadelphia, Pa. Greenish 
brown liquid; specific gravity, 0.995 at 60* C; flash point, 81* C; burning point, 93* C; 3.3 per cent 
distills below 180* C; 61.7 per cent distills below 275* C; 80.3 per cent distills below 320° C] 





Tests. 


Times 

killing 

point 

verified. 


Concentration of the preservative (per cent). 


Fimgus. 


Num- 
ber. 


Diuu- 
tion. 


0.1 
4 


o.q 

3 


0.3 
2 


0.35 


0.4 
1 


0.45 
1 


0.5 


0.6 


0.65 


Check. 


Fomfis ftTinnsiTS . , 


58 


Weeks. 
5 to 8 





2 


1 


1 





4 
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Forms annovus: In 12 days the radial growth of the check reached 15 mm.; 0.1 per 
cent, 2 mm. In three weeks, 0.1 per cent showed about 20 mm. ; 0.2 per cent, 5 mm. 
In six weeks, 0.2 per cent reached 17 mm.; 0.25 per cent, 15 mim.; 0.3 per cent, 5 mm.; 
0.35 to 0.6 per cent, from 1 to 12 mm. The growth on the toxic media was of a brighter 
creamy appearance than that on the check. 

United Gas ImpraveTnent Co. 1.07 oil {water-gas tar distillate). 

(PI. Ill, figs. 25 and 26.) 






Tests. 


Times 
killing 
point 
veri- 
fied. 


Ccmoentration of the preservative (per cent). 


Fungus. 


Num- 
ber. 


Dura- 
tion. 


1-1 

• 

o 


4 
2 


eo 

3 
2 


2 
2 


<o 


• 


o 
2 

* • * • 


1 

1 


1 


§ 


i 


Fomes annosus 


31 
22 


Weeks. 
4 to 8.. 




4 


1 
1 


4 


F. ninioola 


4to5.. 




2 


1 


4 













Fomes annosus: In 10 to 14 days, the radial growth of the check reached 28 mm.; 
40 and 50 per cent, 2 mm. In four to six weeks, 40 and 50 per cent showed nearly 10 
mm. The growth on the toxic media appeared denser and of a brighter tan color than 
that on the check. 

Fomes pinicola: In two weeks, the radial growth of the check reached almost 40 
mm. ; 3 to 29 per cent, 2 to 7 mm. In four to five weeks all concentrations between 
3 and 40 per cent showed 2 to 15 mm. The growth on the toxic media appeared 
velvety, compact, and creamy, while that on the check was a fluffy white. 

Wood tar (hardwood). 

(PI. IV, figs. 41-47.) 

[Laboratory sample No. 1561. Cooperator, Marden, Orth & Hastings, Chicago, 111. Black, viscous liquid, 
with p3rroligneous odor; specific gravity, 1.195 at 60" C; flash point, 00*! O.; contains 24 per cent water; 11.7 
per cent distills below 105* C; 50.9 per cent distills below 244** C. ; decomposition occurs above 230**.] 





Tests. 


Times 
killing 
point 
veri- 
fied. 


Concentration of the preservative (per cent). 


Fungus. 


Num- 
ber. 


Dura- 
tion. 


0.2 


0.5 


0.7 


0.75 


0.9 


1 


1.251 


Check. 


FomAS AiiTinRiifi , 


50 
30 


Weeks. 
4 too.. 
4to5.. 




1 


"•"'4' 


4 
4 


'"4 


4 



4 


2 





4 


F. ninioola 


4 













1 Based on gum-arabic emulsions. 

Fomes annosus: In 9 to 10 days, the radial growth of the check reached 12 mm.; 
0.5 to 0.8 per cent, 1 to 2 mm. In two to four weeks the check reached 40 mm. and 
concentrations up to 1 per cent showed 10 to 35 mm. The growth on the toxic media 
was dark creamy and somewhat denser than that on the check. 

Fames pinicola: In two weeks the radial growth of the check reached 40 mm. ; 0.5 per 
cent, 10 mm. ; no growth above this. In four to five weeks 0. 2 to 0.7 per cent showed 40 
mm. ; 0.725 per cent, 10 mm. ; no growth on higher concentrations. The growth on the 
toxic media was luxuriant, white, and fluffy. 
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Wood creosote (Douglas fix). 

(PL III, figs. 32-37.) 

[Laboratory sample No. 1090. Cooperator^ Logged-Ofl Land Utilisation Co., Seattle, Wash. Black 
liquid, with a strong pyroligneous odor; specmc gravity, 1.052 at 60* C; flash point, 45** C; burning 
point, 85* C; contams 8.35 per cent water; 7.55 per cent distills below 100* C; 64.60 per cent distilfi 
below 245* C.J 



\ 


Tests. 


Times 
killing 
point 
veri- 
fied. 


Concentration of the preservative (per cent). 


Fmigus. 


Num- 
ber. 


Durar 
tion. 


0.1 

4 
4 


0.12S 


0.15 


0.2 

3 



0.25 


0.4 
2 


0.45 


0.6 
1 


0.651 


Check. 


Fomesannosus... 
F. pinicola. 


55 
26 


Weekf. 
4to7 
4to6 






4* 


3 

4 


2 


1 





4 
4 















I These values are based on gum-arabic emulsions. 

Fomes annosus: In 11 days the radial growth of the check reached 25 mm.; 0.15 to 
0.30 per cent reached 3 to 6 mm. In 15 days, 0.1 per cent showed 30 mm. In four 
weeks, 0.15 to 0.30 per cent reached 18 to 28 nmi. Usually, from four to six weeks 
were required for initial growth on 0.6 to 0.625 per cent. The growlii on the toxic 
media was dense, dark creamy, occasionally zonate. 

Fomes pinicola: In eight days the radial growth of the check reached 15 mm.; 
0.025 to 0.075 per cent, 11 to 20 mm. In three weeks, 0.025 to 0.1 per cent covered 
the plates; 0.125 per cent reached 17 mm.; 0.15 per cent 4 mm. In 34 days the 
initial growth appeared on 0.175 per cent. The growth on the toxic media up to 
0.125 per cent was white and luxuriant, exceeding that on the check. 

Cresol calcium, 

(PI. Ill, figs. 38 and 39.) 

[Laboratory sample No. 2086. Cooperator, Blagden, Waugh & Co., London, England.] 



Fungus. 


Tests. 


Times 

killing 

point 

verified. 


Concentration of the 
preservative (per cent). 




Number. 


Duration. 


0.14 


0.28 


Check. 


Fomes annosus 


8 


Weeks. 
4to7 


1 


4 





4 







Fames annosus: In about two weeks the radial growth of the check reached 20 mm. ; 
0.14 per cent, 3 mm. After three weeks the check showed 30 mm. ; 0.14 per cent, 11 
mm. After six weeks, 0.14 per cent reached 30 mm.; no growth on 0.28 per cent. 
The growth on the toxic media occurred in alternating light and dark zones. 

A diversion from the usual method of weighing the preservative was necessary 
with this substance, since on sterilizing at 100^ C. the preservative would form a hard 
crust on the sides of the bottles. To obviate this difiiculty, the average weight of a 
drop from a small pipette was obtained (four tests). This was found to be 28 milli- 
grams, the drops varying not over 2 or 3 milligrams. The preservative was then added 
directly to the media bottles in quantities of one, two, three, or four drops, the killing 
point lying between one and two drops, which corresponds to 0.14 and 0.28 per cent, 
respectively. 
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Copperized oil, 

(PI. IV, figs. 49 to 51.) 

(Laboratory sample No. 1095. Cooperator , Ellis-Foster Ck>. , New York, N. Y. Probably a crude petroleum 
containing a slight amount of copper and sufficient v^etable oil to form a homogeneous solution; specific 
gravity, 0.937 at 25" C; flash point, 125" C; burning point, 164" C; less than 0.2 per cent distills below 
215" C; 30.2 per cent distills below 320" C; about SO per cent distills below 360" C.; copper content, 0.34 
per cent.] 





Tests. 


Times 

killing 

point 

verified. 


Concentration of the preservative 
(per cent). 


Fungus. 


Num- 
ber. 


Duration. 






3 

4 
4 


5 

4 
4 


15 

3 
4 


30 
2 


33 
2 


36 
2 


40 


4 


Check. 


Fomes annosus 


40 
25 


Weeks. 
4 to 9 
4to6 


1 
1 


4 


F. pinicola 


4 













Fomes annosus: In 18 to 22 days the radial growth of the check reached 40 mm. ; 
the toxic concentrations up to 6.25 per cent showed the same growth, except that 
the check was denser. In about three weeks 15 to 30 per cent reached 1 to 11 mm. 
In nine weeks, 30, 33, and 36 per cent showed 12 to 20 mm. On the less toxic media 
alternating zones of lighter superficial growth and darker submerged growth occurred. 
On the high concentrations either a black submerged growth or a light-brown super- 
ficial growth appeared. 

Fomes pinicola: In two weeks the radial growth of the check reached 40 mm.; 
15 to 26 per cent, 20 to 27 mm.; 40 per cent, 2 mm. In six weeks all concentrations 
up to 40 per cent reached about 40 mm. The growth on the toxic media was fluffy, 
but darker than that on the check. 

None-Such Special. 

(PL IV, ^. 52.) 

[Laboratory sample No. 2696. Cooperator, George M. Saums Co., Trenton, N. J. Yellow, oHy liquid 
with strong varnish or paint odor; claimed bv the manufacturers to waterproof and give a hard finish 
to timber, as well as prevent or stop decay; cnemical composition unknown to us.] 



• 


Tests. 


Times 

killing 

point 

verified. 


Concentration of the preservative (per cent) . 


Fungus. 


Num- 
ber. 


Duration. 


1 

4 
4 


5 

4 
4 


15 

4 
4 


25 

4 
4 


30 

4 
4 


35 

4 

4 


40 

4 
4 


45 


Check. 


Fomes annosus 


2S 
29 


Weeks. 
4 
3t04 




4 


4 


F. piplcol^i ..,,,..,,-.., 




4 









Femes annosus: In 10 to 14 days the radial growth of the check reached 20 mm.; 
concentrations from 5 to 45 per cent showed approximately 40 mm. The preservative 
appears to exert a nutritive or stimulative effect, rather than any toxic action, although 
the fungus will not grow on the pure preservative. The growth on the treated media is 
dark and submerged, rising to the surface later to form a very dense creamy mycelium. 

Fomes pinicola: In eight days the radial growth of the check reached about 30 mm. ; 
0.25 to 3 per cent, 15 to 20 mm. In two to three weeks 35 to 50 per cent showed 20 
to 40 mm. The growth on all concentrations up to 50 per cent almost equaled that 
on the check. 

DISCUSSION OF TESTS. 

Table II gives the results of investigations in our laboratory in 
the use of such preservatives as have been sufficiently checked to 
permit statements regarding their toxicity to the fungi noted under 
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the test conditions outlined. In this table the preservatives are 
arranged in the order of their toxicity, beginning with the most 
toxic. 

Table II. — Killing point of Fomes anno8us and F. pinicolafor the varUms preservo' 
tives, compared with coal-tar creosote, No. 1074 f and zinc chlorid, No. 22S9. 

[Results marked with an asterisk {*) were not checked in duplicate, but they are approximately correct.] 



Fun^^us and preservative. 



Fomes annosus (creosote killing point, 0.55 per cent; zino- 
chlorid killing point, 0.5 per cent): 

C<ml-tar creosote. Fraction II 

Sodium fluorid 

Creso 1 calcium 1 

Coal-tar creosote, Fraction I 

Coal-tar creosote. Fraction III 

Zincchlorid 

Coal-tar creosote, grade C 

Water-gas tar distillate No. 2235 (specific gravity 0.995). . . 

Wood creosote (Douglas fir) 

Wood tar (hardwood) 

Coal-tar creosote. Fraction IV 

S. P. F. carbolineum 

Avenarius carbolineum 

Co{J-tar creosote, Fraction V 

Copperized oil 

United Gas Improvement Co. 1.07 oil. No. 1101 

None-Such Special 

Sapwood antiseptic 

Fomes pinicola (creosote killing point, 0.225 per cent; zinc- 
cmorid killing point, 0.75 per cent): 

Ck>al-tar creosote. Fraction Til 

(Joal-tar creosote. Fraction IV 

Coal-tar creosote. Fraction II 

Sodium fluorid 

Wood creosote (Douglas flr) 

Ck>al-tar creosote. Fraction I 

Coal-tar creosote, grade C 

A venar iu s carbolineum 

Zinc chlorid 

Wood tar (hardwood) 

Coal-tar creosote, Fraction V 

Ck>pperized oil 

United Gas Improvement C!o. 1.07 oil. No. 1101 

None-Such Special 



Killing point. 


Ratio to 








Pounds 


creosote. 


Percent. 


per cubic 






foot. 


• 


0.225 


0,140 


2.5 


.25 


.166 


2.2 


0.14-.28 


0.087-.175 


3.9-1.9 


.30 


.187 


1.8 


* 325 


.203 


1.7 


.50 


.312 


1.1 


.55 


.343 


1 


♦65 


.405 


.84 


*.65 


.405 


• .84 


♦1.25 


.78 


.44 


♦3.30 


2.06 


.16 


4.5 


2.8 


.12 


5.25 


3.27 


.104 


*33 


20.59 


.017 


40 


25 


.014 


40+ 


25+ 


.014- 


40+ 


25+ 


.014- 


75+ 
.125 




.007- 
1.8 


,078 


*.125 


.078 


1.8 


.15 


.094 


1.5 


.15 


.094 


1.5 


♦20 


.125 


1.12 


.225 


.140 


1 


.225 


.140 


1 


.30 


.187 


.75 


.75 


.468 


.30 


.75 


.468 


.30 


♦7.8 


4.87 


.029 


40+ 


25+ 


.0056- 


40+ 


25+ 


.0056- 


50+ 


31.2+ 


.0045- 



Ratio to 

zinc 
chlorid. 



2.2 

2 

3.6-1.8 

1.7 

1.5 

1 

.91 

.76 

.76 

.40 

.15 

.11 

.095 

.015 

.013 

.013- 

.012- 

.007 



6 

6 

5 

5 

3.8 

3.3 

3.3 

2.5 

1 

1 

.096 
.019- 
.019- 
.0016- 



1 Killing point lies between the limits given (1 and 2 drops of the preservative in 20 c. c. of the medium). 

Table II shows that of the 18 preservatives tested against Fomes 
annosus 6 totally inhibit growth at or below 0.5 per cent, 5 between 
0.5 and 3.5 per cent, 1 at 4.5 per cent, 1 at 5.25 per cent, and the 
remaining 5 show extremely low toxic properties, requiring from 33 
to 75 per cent. 

Sodium fluorid is particularly toxic, being sUghtly more than twice 
as effective as zinc chlorid. 

Cresol calcium in these tests shows a high toxicity, and the poor 
results reported against it in service tests ^ are apparently due to a 
change in chemical constitution or to leaching, which did not take 
place under our method of testing. 



* Unpublished report, Forest-Products Laboratory. 
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The three lower boiling fractions of coal-tar creosote are highly 
toxic, exceeding the creosote itself. Fraction IV is only about one- 
sixth as toxic as creosote. Fraction V, consisting of the last heavy 
residues, of which only 10 per cent distills below 320*^ C, is extremely 
low in toxicity, with a killing concentration of about 33 per cent. 

Wood creosote, derived from the destructive distillation of Douglas 
fir, compares very favorably with coal-tar creosote, notwithstanding 
its water content of over 8 per cent. 

Hardwood tar shows moderate antiseptic properties, proving about 
one-half as toxic as the softwood creosote. 

The two carbolineums are much less toxic than the creosotes tested. 

Water-gas tar distillate of low specific gravity appears to be slightly 
less toxic than coal-tar creosote, while the heavier distillate, repre- 
sented by United Gas Improvement Co. 1.07 oil, is so low in toxic 
properties as to appear to be of little value in wood preservation. 

The secret product None-Such Special appears to be more nutrient 
than antiseptic to fungi, so far as these tests indicate; however, the 
physical properties of the substance when injected into wood may be 
such as to exclude fungous growth and thus to substantiate the 
claims made for it. Durability tests on treated wood are highly 
desired. 

Zinc chlorid has a killing point almost identical with coal-tar 
creosote. 

Table II also shows that of 14 preservatives tested against Fomes 
pinicola 8 totally inhibit growth below 0.5 per cent, 2 between 0.5 and 
1 per cent, 1 at about 7.8 per cent, and the remaining 3 require over 
40 per cent. 

Sodium fluorid and coal-tar creosote Fractions II, III, and IV are 
all extremely toxic to this fungus, the killing points being almost 
identical. 

Coal-tar creosote Fraction I and wood creosote are about three- 
fourths as toxic as the above; Avenarius carbolineum is about one- 
half as toxic. 

Zinc chlorid in the Fomes pinicola list stands only tenth in efficiency, 
whereas in the F, annosus hst it stands in fifth place. 

The last four preservatives show very low antiseptic properties 
toward Fomes pinicolaj as they did t6ward F. annosus. 

By comparing the behavior of the two fungi toward the same 
chemical substances a marked difference will be observed. With the 
exception of zinc chlorid and copperized oil, Fomes annosus is a far 
more resistant organism than F. pinicola, the ratio running as high 
as 26 to 1 in the case of Fraction IV of coal-tar creosote. 

It has often been noted during the course of the experiments that 
Fomes annosus j after a considerable lapse of time, can accommodate 
itself to rather high concentrations of certain preservatives. Its 
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normal growth is also relatively slow as compared with the^t of the 
other organism. Sometimes on high concentrations of toxic media 
the fungus woidd remain dormant from four to seven weeks and then 
begin a slow development. For this reason it has been difficult in 
many cases to find the exact inhibition point of a preservative with- 
out carrying out a large number of long-continued tests. 

On the other hand, Fomes pinicola seems rather sensitive to slight 
changes in concentration, and one can usually judge within a month 
whether the fungus will develop. 

The difference in behavior between these two organisms shows 
how very necessary it is to make only qualified statements when dis- 
cussing the relative toxicity of preservatives toward fungi. We have 
at present no satisfactory way of predicting, except by trial, how a 
given preservative will react on different organisms. 

A direct comparison of toxicities, as given in Table II, shows that 
in many cases essentially the same order holds, but there are several 
exceptions, Fractions I and IV of coal-tar creosote and zinc chlorid 
being the most conspicuous. 

In Table III the oils used are grouped according to their nature, in 
order to show a direct comparison between wood tar, coal tar, water- 
gas tar, and petroleum products. 

Table III. — List of wood-preserving oils tested^ showing relation between their specific 

gravities^ boiling points^ and toxic properties. 



[Results marked w 


ithan 


asterisk (*) are approximately correct.] 




• 

Preservative. 


"Specific 
gravity.! 


Percentage distilling below— 


Killing point (per 
cent). 


180* 
C. 


215* 
C. 


245" 
C. 


275* 
C. 


305* 

c. 


320* 
C. 


360* 
C. 


Fomcs 
annosus. 


Fomes 
pinjoola. 


Wood tar (hardwood) 


1.195 
1.052 

1.058 

.995 

1.048 
.934 
1.003 
1.045 
1.088 
1.150 

1.126 

1.127 

.937 


*27 
*16 

*7 

3.3 

4.8 
35.1 
*2-3 


*31 
*31 

♦10 

12.8 

17.8 
78.3 
30 
.9 


51 
54.7 

37.7 
44.4 










*1,25 
*.66 

40+ 

♦.65 

.65 
.30 


a 75 


Wood creosote (Douslas fir). 










♦.20 


United Gas Improvement 
Co. 1.07 oil, No. 1101 

Water-gas tar distillate No. 
2235 


16.3 
61.7 
54.1 


*22 
75.3 
67.2 


*27 
80.3 
74.1 


56.4 


40+ 


Coal-tar creosote: 

Grade C 


.225 


Fraction I 


.226 


Fraction II 


*80 
16.2 
.9 


*92 
49.2 
4.7 










Fraction III 


77.7 

38.5 

4.1 

16.4 


85 

54.3 

10.1 

*29 

*30 

30.2 


*80 


*.325 
*3.30 
♦33 

5.25 

4.5 

40 


.125 


Fraction IV 


♦.125 


Fraction V 


V 




*7.8 


Avenarius carbolineum (sp. 

gr.atie.S'C.) 

S. P. F. carbolineum (sp. 

gr.atl6**C.) 




r.i 


2.6 
♦9 
*3 


6.1 


.30 


Copperlzed oil (sp. gr. at 
a^c.) 




* 2 


♦10 


♦22 


40+ 







1 At 60* C. except as stated for the last three preservatives. 

It is interesting to note that the wood-tar and low-boiUng water- 
gas tar and coal-tar distillates tested show very similar toxic prop- 
erties, while the carbolineums, which consist in the main of the 
high-boiling constituents of coal-tar creosote, in all cases proved 
much less toxic to the fimgi used. 
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The toxicity of water-gas tar products is highly variable, much 
more so than commercial coal-tar products. By decreasing the 
specific gravity the toxicity rapidly increased. The writers do not 
wish it to be inferred, however, that this necessarily means that 
water-gas tar and coal-tar products will prove equally efficient under 
service conditions. The present results are merely suggestive. 

The fractionization of coal-tar creosote gives some interesting data. 
In the case of Fomes armosus the three lower fractions proved con- 
siderably more toxic than the creosote itself. In the case of F, 
pinicola the four lower fractions were included. In the former case 
Fraction II gave the best results and iir the latter the greater toxicity 
fell to Fractions III and IV. This indicates that the middle fractions 
are the most efficient, but to what group of substances the greater 
toxicity is due we are not yet prepared to state. The work of other 
investigators with naphthalene, which is one of the principal con- 
stituents of Fraction II, would seem at least to militate against this 
substance. 

The high-boiling carbolineums, which approach Fraction IV in 
their physical and chemical properties, likewise approach it in their 
toxic properties. 

While the higher boiling constituents proved to be less toxic than 
the lower boiling ones, their greater permanence in wood under 
service conditions may at least, partially offset the lessened toxic 
efficiency. 

The poor showing made by copperized oil against both fungi indi- 
cates that adding small amounts of copper in this form to low-toxic 
petroleum or vegetable oils will produce a mixture of doubtful 
fungicidal value. 

TOXJOTY TO FUNGI OF CERTAIN OF THE MORE IMPORTANT PRE- 
SERVATIVES. 

In order to bring together in convenient form for comparison the 
results secured by various investigators in the use of certain impor- 
tant preservative substances, as well as those originating in our own 
laboratory upon the preservatives mentioned. Table IV has been 
prepared, indicating the salient features of such tests. 

In making comparisons, the sources of error as well as the degree 
of refinement which the figures represent, should be fully considered. 

Table IV. — Toxicity o/varums preservatives to certain wood-destroying and other fungi. 



Toxic substance. 


Organism. 


Toxic point. 


Culture 
medium. 


Duration of 
test. 


Investigator. 


A.— XKORQANIC COM- 
POUNDS. 

Ammonium chromate 

[(NHOiCrOJ. 
Ammonium fluorid 

[NH4F], neutral. 


Coniophora cerebeUa. 
do 


Percent, 
Under 1 

Under 0.1... 


Agar.... 
...do 


8 to 10 days. 

. . • • aClO. ..... 


Falck. 
Do. 



32 



BULLETIN 22.1, U. S. DEPARTMENT OF AGBICULTUKE. 



Table IV. — Toxicity of various preservatives to certain wood-destroying and other fungi — 

Continued. 



Toxic substance. 



A.— INORGANIC COM- 
POUNDS— COn. 

Ammonium fluorid 

Ck>pper fluorid [CuFi+ 

2HiO],pure. 
Copper silico-fluorid [Cu- 

SiFs], pure. 
Copper sulphate [CUSO4+ 

Copper sulphate 



Ferric fluorid [FeFtl 

Ferric sulphate [FeS04+ 

7HjO]. 
Ferrous fluorid [FeFj] — 
Hydrofluoric acid [HF], 

100 per cent. 

Hydrofluoric add 

Hydrofluorsilicic acid [Hs 

SiF«]. 

Hydrofluorsilicic acid 

Magnesium silicofluorid 

[SgSiF«+6HiO], 96 per 

cent. 
Magnesium sulphate 



IJ.. 




[MgS04+7HiO]: 
Mercuric chlorid [H 
Potassiimi fluorid 

pure. 

Potassium fluorid 

Sodium chlorid [NaCl].. . , 

Sodium chlorid 

Sodium fluorid [NaF] 

Sodium fluorid, tech. re- 

flned. 

Sodium fluorid 

Sodium fluorid, tech 



Do 

Sodium carbonate [Nar 

CO,]. 
Sodium silico-fluorid 

[NasSiFe], about 100 per 

cent. 

Sodium silioo-fluorid , 

Zinc chlorid [ZnClj] 

Zinc chlorid 



Do, 
Do. 
Do. 



Zinc chlorid, commercial. 



Do 

Zinc fluorid [ZnFs] 

Acid ziac fluorid, tech 

Acid zinc fluorid [ZnFr 

HFJ. 

Zinc silico-fluorid 

Zinc silico-fluorid [Zn- 

SiF«-H6HjO]. 
Zinc sulphate [ZnS04-i- 

7H,0). 

B. — ORGANIC COMPOUNDS. 

(a) Benzol aitd j^henol de- 
rivatives. 



Anflin [C«H6NHj].... 

Cresol [C«H4CH80H1. 
Cresol 

Do 

Do 

Cresol, pure 

Cresol calcium 



Do. 
Do. 



Organism. 



Coniophora oerebella . 
do 



.do. 



.do. 



Molds 

Coniophora cerebella. 
do 



.do. 
.do. 



.do. 
.do, 

.do. 
.do. 



.do. 



...do 



.....do 

.....do 

Mold 

do 

Coniophora oerebella . 



.....do 

Femes annosus. 



F. pinicola 

Coniophora oerebella 

....do 



.do. 
.do. 
.do. 



Lenzites sepiaria 

Polystictus hirsutus. 

P. versicolor 

Fomes pinicola 



Toxic point. 



Percent. 

0.123 

Under 0.1.. 

Under 0.05, 

Under 1.... 



3 to 6.... 
0.132.... 
Under 2. 



0.155 

Under 0.01. 



0.05 

Under 0.05. 



0.120 

Under 0.067. 



F. annosus 

Coniophora cerebella . 

do 

do 



.do. 
.do, 

.do. 



Coniophora cerebella . 

do 

Lenzites sepiaria 

Polystictus versicolor 

P. hirsutus 

Penicillium 

Coniophora oerebella. 



Lenzites sepiaria 

Polystictus versicolor 



Over 16. 



Under 0.1 . . 
Under 0.05. 



0.192 

Under 10.. 

Over 5 

2 



Under 0.1... 



0.139. 
0.25.. 



0.15 

Under 0.125. 



Under 0.1. 



0.208 

Under 0.5... 
Between 1 
and 2. 

do 

do 

Over2 

0.75 



0.5 

0.186 

Under 0.1. 
0.130 



0.159 

Under 0.1. 



Under 1, 



Under 1 

Under 0.126. 

do 

do 

Under 0.25.. 
Under 0.05.. 
Between 1 

and 2. 

Over 2 

Between 1 

and 2. 



Culture 
medium. 



Gelatin 
Agar..., 

■ • • \Aw« • • • « 

..do...., 



Oelatln. 

> • • VLUw • • • « 

Agar.... 

Gelatin . 
Agar.... 

Gelatin . 
Agar 

Gelatin . 
Agar 

...do..... 



...do.... 

» • a^XV* • • « 

Gelatin. 
Agar... 
Gelatin. 
...do.... 
Agar... 

Gelatin. 
Agar... 



..do.... 
..do.... 



.do. 



Gelatin. 
Agar... 
...do.... 



.do.... 
.do.... 
.do.... 
.do.... 



...do.... 
Gelatin. 
Agar... 
Gelatin. 



..do... 
Agar... 



.do. 



Agar. 
...do.. 
..do.. 
...do.. 
...do.. 
...do.. 
..do.. 



.do, 

.do. 



Duration of 
test. 



4 weeks..... 
8 to 10 days. 

• ■ • • • vLv •••••! 

do 



14 days 

4 weeks 

StolOda^. 

4 weeks..... 
8 to 10 days. 



4 weeks 

8 to 10 days. 



4 weeks...., 
8 to 10 days. 



.do. 



K • • * • U V •»•••< 

4 weeks 

8 to 10 days. 

14 days 

do 

8 to 10 days.. 



4 weeks. 
do.. 



5 to 7 weeks. 
10 days 



8 to 10 days. 



4 weeks 

8 to 10 days. 
8 days 



do 

do 

do 

4 to 8 weeks. 

6 to 7 weeks. 

4 weeks 

8 to 10 days. 
4 weeks.... 



do 

8 to 10 days. 



.do. 



8 to 10 days. 
8 days 

do 

do 

4 weeks 

8 days 



.do. 
.do. 



Investigator. 



Netracii. 
Falck. 

Do. 

Da 

Malenkovi6. 

Netzsch. 

Falck. 

Netzsch. 
Falck. 

Netzsch. 
Falck. 

Netzsch. 
Falck. 



Do. 

Da 
Da 

Netzsch. 

Falck. 

Malenkovie. 

Do. 
Falck. 

Netzsch. 
Humphrey and 
Fleming. 
Do. 
Rumbold. 

Falck. 



Netzsch. 

Falck. 

Rumbold. 

Do. 

Do. 

Do. 
Humphrey and 
Fleming. 

Do. 
Netzsch. 
Falck. 
Netzsch. 

Do. 
Falck. 

Do. 



Falck. 
Humbold. 

Do. 

Do. 

Do. 
J. M. Weiss. 
Rumbold. 

Do. 
Do. 
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Table IV. — Toxicity of varUms preservatives to certain wood-destroying and other fungi- 

Continued. 



Toxic substanoe. 



B.— OBGAMIC COMPOUNDfl— 

continued. 

(a) Benzol and phenol de- 
Hmi^ve*— Ckmtinned. 



Cresol calcimn. 



Do. 



Dinitro-p-cresol (C«Hr 

(NO,)iCH,OHJ. 
Sodium salt of— 

Dinitro-p-cresol, 21 

roent.1 
dinitrcHHTesol, 
31 per oent.1 
4:6 dJnitro-m-cresol, 
59 per oent.^ 
Gallic ac& [CtHsOs-I-HsO] 
OaUotannic acid [CmHio- 
O4I. 

Phenol [CeHsOH] 

Phenol, pure 

0-nitropnenol [C«H4- 
NOjOH). 

P-nitrophenol 

Sodium salt of— 

0-nitropbenol, 63 per 

cent.* 
P-nitrophenol, 60 per 

oent.i 
2:4 dinitrophenoi [C«- 

H,(NO,),OH]. 
2:4 dinitrophenoi, 33 
per oent.f 
SalyciUc acid [C8H4OH- 

COOHJ. 
Sodium picrate [C«Hr 
(NOs)«ONa], 40 per 
oent.i 
Thvmol (CcHiCHiCsHt- 

(&) Tars and creoBoUM, 

Coal-tar creosote: 

Straight run, Ameri- 
can (sp. gr. 1.049 at 
15.5* C.). 

6 per cent gum-arabic 
emulsion. 

Oerman (sp. gr. 1.09 
atlS'd). 

8p.gr. 1.048 at 60* C. 

6 per cent gum-arabic 

emulsion. 
Oerman (sp. gr. 1.062 
at38*(:.). 

Do 

Do 

Do 

Carbolineum: 

Avenarius (sp. gr. 
1.126 at 16.6^C.). 

Do 

S. P. F. (sp. gr. 1.127 
at 16" C.). 
Coal-tar ci%osote: 

With bases, acids, and 
soUd hyorocarcxms 
removed. 
With 20 per oent tar 

acids added. 
With 20 per cent pure 
naphthalene added. 
With 5 per cent fil- 
tered tar added. 



Organism. 



P. hirsutus 

Pomes annosus 

Coniophora cerebeUa. 

....do 

....do 



.do. 



.do. 
.do. 



....do 

Penicillium 

Coniophora cerebeUa. 



.do. 
.do. 



.do. 
.do. 



.do. 
.do. 
.do. 

.do. 



Penicillium 

Polystictus versicolor, 

Molds 

Femes pinioola 

F. annosus 

Coniophora cerebeUa. 



Lenzites sepiaria 

Polystictus versicolor . 
P. hirsutus 



Fomes annosus , 

F. phiioola 

F. annosus 



PeniciUium 



.do 

.do 

.do 



Toxic point. 



Percent. 
Between 1 

and 2. 
Between 
0.14and0.28. 
Under 0.1... 



Under 0.01., 
Under 0.003. 
Under 0.005. 



Under 2. 
Under 1, 



Under 0.1 .. . 

U.JLd. ........ 

Under 0.02.. 



Under 0.01.. 
Under 0.013. 
Under 0.025. 
Under 0.01.. 
Under 0.003. 
Under 0.1... 
Under 0.04.. 

Under 0.01.. 



0.15 



0.25-0.40.... 

0.2 

0.225 

0.55 

Under 0.125 

Under 0.125 
Under 0.25. 
Under 0.25. 

o.2o ........ 

0.30 

0.85 

0.15 

0.45 



Culture 
medimn. 



Agar. 
..do. 
..do. 



.do. 
.do, 
.do. 



.do. 
.do. 



...do. 
...do. 
...do. 



...do... 
...do... 
...do... 
...do... 
...do... 
...do... 
...do... 

...do... 



Agar... 



...do. 

. . .do. 

. . .do. 

. . .do. 

...do. 

...do. 
...do. 
...do. 

. . .do. 

...do. 
. . .do. 



...do... 

...do... 
...do... 
...do... 



Duration of 

test. 



8days 

4 to 7 weeks. 
8 to 10 days. 



..do. 
..do. 
..do. 



.do. 
.do. 



....do 

4 weeks 

8 to 10 days. 



...do... 

...do 

...do... 

do... 

^ .do. . . 

...do... 
do... 



do. 



% nr^OO&O • • * ' 



4 weeks 

4 to 6 weeks 

do 

8 days 



.do 

.do 

.do 



4 to 10 weeks 

5 to 6 weeks. 
5 to 8 weeks. 



4 weeks. 

do... 

do... 

do... 



Investigator. 



Rumbold. 

Humphrey and 

Fleming. 
Falck. 



Do. 

Do. 

Do. 

Do. 
Do. 

Do. 
J. M. Weiss. 
Falck. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 



J. M. Weiss. 



Dean and 

Downs. 
J. M. Weiss. 

Humphrey and 
Fleming. 
Do. 

Rumbold. 

Do. 
Do. 
Do. 

Humphrey and 
Fleming. 
Do. 
Do. 



J. M. Weiss. 

Do. 
Do. 
Da 



1 Toxic value based on 100 per cent pure salt. 
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Table IV. — ToxicUy of various presenxUivea to certain wood-4e9troying and other fungi — 

Continued. 



Toxk substance. 



B.— ORGAMICCOMPOXTNDS— 

continued. 

(fr) Tart and ereototet-^ 
Continued. 

Coal-tar creo6ote--Contd. 
With 10 per cent fil- 
tered tar added. 
With 20 per cent fil- 
tered tar added. 
Coal tar (undistilled. sp. 

gr. 1.194 at 15.5* C). 
Coid-tar creosote: 

Fraction I (sp. gr. 
0.934 at 60* C.. 78.3 
per cent distills be- 
low 215* C). 

Do 

Fraction n (sp. gr. 
1.003 at 60* C.. 9 per 
cent distills below 
206* C, 95.9 per 
cent below 287* C). 

Do 

Fraction III (sp. gr. 
1.046 at 60* C, 73.7 
per cent distills be- 
low 295* C). 

Do 

Fraction IV (sp. gr. 
1.068 at 60* C. 54.3 
per cent distills be- 
tween 285* and 320* 

%o 

Fraction V (10 per 
cent distills above 
320* C, 36.6 per 
cent hard residue). 
Do 

Fraction below 235* C. 

Fraction between 
235*-272* C. 

Fraction above 272* C. 



Anthracene, pure. . 
Naphthalene, pure. 



Quinolin, pure 

Paraffin, pure 

Water-gas tar distillate: 
Fraction between 

l70*-340* C. 
Fraction between 
X70*-315* C. (sp. gr. 
1.024 at 15.5* d). 
Fraction between 
210*-315* C. (ST), gr. 
1.063 at 15.5* d). 
United Gas Improve- 
ment Co. oil (sp. gr. 
1.068 at 60* C). 

Do 

Sp. gr. 0.995 at 60* C. . 
Wood creosote (softwood, 
sp. gr. 1.052 at 60* C— 
about 8 per cent HsO). 

Do 

Wood tar (hardwood, sp. 
gr. 1.195 at 60* C). 

Do 

Semiasphaltic petro- 
leum (sp. gr. 0.973 at 
15.5* C: distills above 
315* C). 



Organism. 



Penicillium. 

» • • • • U V •••«•> 

Molds 



Fomes annosus. 



F. pinicola... 
F. annosus. . . 



F. pinicola. 
F. annosus. 



F. pinicola. 
F. annosus. 



F. pinicola. 
F. annosus. 



F. pinicola... 
Penicillium.. 
....do 



.do. 

.do. 
.do. 



.do 

.do 



Polystictus versicolor 
PenicilUum 



.do. 



Fomes annosus. 



F. pinicola. 
F. annosus. 
... .do 



F. pinicola. . , 
F. annosus.. 



F. pinicola. 
Penicillium. 



Toxic point. 



Percent, 

Between 1.5 
and 2. 

V.Ow. . ...... I 



0.225 ....... 

0.225 



Culture 
medium. 



0.15.. 
0.325. 



0.125... 
3.3. • •* I 



0.125. 
33... 



7 H 

0.35 

Between 4 
and 4.5. 

Above 10.... 

Between 9 
and 10. 

0.10 

Above 10.... 



0.40 

Above 10. 
Above 40. 



Above 40-. 
About 0.65. 
0.65 



0.20 

1.25 

0.75 

Above 10. 



Agar. 
...do.. 
...do.. 

...do.. 



...do.. 
...do.. 



Duration of 
test. 



.do. 
.do. 



.do. 
.do. 



.do., 
.do.. 



..do. 

..do. 

.do. 

.do. 

.do. 
.do. 

.do. 
.do. 



.do. 
.do. 

.do. 

.do. 



.do. 
.do. 
.do. 



.do. 
.do. 

.do. 
.do. 



4 weeks 

■ • • « • vLtJ» •••••• 

» • • • aUUv* • • • • • 

4 to 6 weeks. 



5 to 9 weeks. 



4 to 5 weeks. 
4 to 8 weeks. 



4 to 7 weeks. 
4 to 6 weeks. 



5 to 8 weeks. 
4 to 6 weeks. 



5 to 8 weeks. 
4 weeks. 
do... 

.....do... 

.....do... 

> « • • •vL\J« • • 

.....do... 

> • • • • Vlv* • « 



Investigator. 



4 weeks. 



• • • vUO* • • • • • ■ 



4 to 8 weeks. 



4 to 5 weeks. 

5 to 8 weeks. 
4 to 7 weeks. 



4 to 6 weeks. 
....do 



4 to 5 weeks. 
4 weeks 



J. M. Weiss. 
Do. 
Do. 



Humphrey and 
Fleming. 



Do. 
Da 



Da 
Da 



Da 
Da 



Da 
Da 



Do. 

J. M. Weiss. 

Do. 

Do. 

Do. 
Do. 

Do. 
Da 

Dean and 

Downs. 
J. M. Weiss. 



Do. 



Humphrey and 
Fleming. 

Do. 
Do. 
Da 



Do. 
Do. 

Do. 
J. M. Weiss. 



In conclusion, the writers wish to emphasize that any scale of 
toxicities derived from Petri-dish tests on the usual nutrient agar or 
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gelatin media, even when the tests are conducted under exactly 
similar conditions, do not necessarily represent the true relative 
toxic values of the different compounds, for the interaction between 
the toxic compounds, the nutrient substances contained in the 
media, and the plant protoplasm is variable and more or less specific 
for each combination. 

Also, the reader should keep before him the fact that toxicity alone 
is not the sole criterion in judging the service value of a preservative, 
and a direct application of these data to that end would in many 
cases lead to very erroneous conclusions. 

In many cases it is possible to overcome such unfavorable proper- 
ties in a preservative as high solubihty in water by placmg the treated 
timber under conditions less' exposed, and such timbers treated with 
soluble preservatives, such as sodium fluorid, zinc chlorid, and copper 
sulphate, should Behave more or less according to the toxic ratios 
represented. The same should apply to oils of similar volatile and 
soluble properties placed under approximately similar service con- 
ditions. 

Not all preservatives are adapted to the same uses, and in testing 
their service value these primary facts should be given fuU consider- 
ation. We have long been in the habit of taking as the standard 
test of the efficiency of a substance its ability to protect timber 
exposed to such extreme conditions as are railway ties, telephone 
poles, posts, exterior building timbers, etc. This standard is very 
often too severe, and for this reason preservatives should be grouped 
according to the conditions under which they are to be exposed. 

SUMMARY. 

A survey of the work of various investigators on the action of 
different toxic substances on the higher and lower forms of plant life 
discloses a marked difference in behavior. The action of toxic agents 
appears to be specific, being highly poisonous to certain oi^anisms 
and only moderately so to others. 

Very dilute concentrations ordinarily produce a stimulative effect. 

Among the fungi, as a rule, the common molds are more resistant 
to poisons than the true wood-destroying fungi, and even among the 
latter group the different species show a great difference in suscepti- 
biUty. 

The chemical and physical composition of the media supporting 
the growth of the ftmgi determines, to a large extent, their develop- 
ment. The presence of certain kinds of insoluble matter or of such 
organic compoirnds as sugars and proteid materials, with which the 
toxic agents may possibly react, often introduces a considerable 
element of error when testing the toxic value of a substance by 
mixing it with nutrient agar or gelatin media. 
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Temperature is also an elemental factor in the growth of f xmgi, and 
there is an optimum for each organism, often lying within a very- 
narrow range. The growth activities of fxmgi probably bear a close 
relation to the resistance offered toward toxic agents. 

The toxic elements or radicals in a compoxmd are often diflBicult to 
determine. In the case of heavy metaUic salts, it is the metal ion; 
in the case of strong inorganic acids, the hydrogen ion is said to be 
the important element; in the fluorin compoimds, fluorin is the 
determining agent; in the case of certain phenols, the introduction 
of halogen, alkyl, or nitro groups is said to increase toxicity. Even 
in the case of isomeric compounds the grouping of the radicals plays 
an important part. 

The Petri-dish method of determining the toxicity of a substance 
offers a ready procedure which gives indicatory results in a short time. 
On account of certain sources of error, some inaccuracies must be 
admitted, although the methods employed by the writers obviate 
many of these. 

The results of tests on 18 wood preservatives at the Forest-Products 
Laboratory, against two wood-destroying fungi, Fomes annosus Fr. 
and F. jyinicola (Sw.) Fr., are given. The preservatives act in a 
considerably different manner on these two organisms, the former 
being, as a rule, far more resistant. 

The tests show that for these two organisms the following quan- 
tities of preservative per cubic foot of culture medium used are suf- 
ficient to inhibit all growth: 



FOR FOMES ANNOSUS. 

Pounds. 

Coal-tar creosote, Fraction II 0. 14 

Sodium fluorid .16 

Cresol calcium 0. 09- . 18 

Coal-tar creosote: 

Fraction I .19 

Fraction III .20 

Zinc chlorid .31 

Coal-tar creosote, grade C . . . .34 
Water-gas tar distillate (sp. 

gr. 0.995) .41 

Wood creosote .41 

Hardwood tar... .78 

Coal-tar creosote, Fraction IV 2. 06 

S. P. F. carbolineiun 2.8 

Avenarius carbolineum .... 3. 27 

Coal-tar creosote, Fraction V . 20. 59 

Copperized oil 25 

United Gas Improvement 

Co., 1.07 oil Over 25 

None-Such Special Over 25 

Sapwood antiseptic Over 25 



FOR FOMES PINICOLA. 



Pounds. 



Coal-tar creosote: 

Fraction III.. 0. 08 

Fraction IV .08 

Fraction II .09 

Sodiiun fluorid .09 

Wood creosote .13 

Coal-tar creosote: 

GradeC .14 

Fraction I .14 

Avenarius carbolineum .19 

Zinc chlorid .47 

Hardwood tar .47 

Coal-tar creosote. Fraction V 4. 87 

Copperized oil Over 25 

United Gas Improvement 

Co., 1.07 oil Over 25 

None-Such Special Over 25 
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